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CHAPTEa I 


FACT AND THEORY 

E volution is a theoty to explain the nature and 
history of the vast array of animal and plant species 
that inhabit the Earth It is concerned with 
origms, and accounts for the present diversity of organ- 
isms by reference to past events of orgamc development 
Its central doctrme is one of change with descent, and, 
in opposition to beUef in the fixity of species, it asserts 
that there have been profound and continumg modifica- 
tions m the forms of hfe as generation has followed 
generation over the milhons of years of geological time 
In Its descriptive content it is a generalization now almost 
universally accepted , but m its principles it is still an 
imperfect synthesis, and remains a field of debate and 
wide difference of opmion. 

Evolution IS a modern concept m biology A hundred 
years ago theories of orgamc change were regarded by a 
majority of biologists as mere conjecture having h^e 
actual relevance either to the kinds or to the vital pro- 
cesses of the hvmg ammals and plants with which they 
were acquainted It is true that a few outstanding 
saentists, notably the Frenchmen Buffon and Lamarck, 
had already imagined the possibility of marked changes m 
structure and habits in succeeding generations of organ- 
isms ^They had even suggested means by which the 
changes might have come about. But the evidence 
which they put forward m support of their views was for 
the most part so inadequate and unconvincmg, not to 
say fanaful, that it was disregarded or dismissed by their 
less speculative colleagues 
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FACT AKD THEORY 

The “ chmatc of opinion ” in biology during the first 
half of the nineteenth century was one in which large- 
scale time-effects had no significant place In part this 
was because it was permeated by assumptions going back 
to medieval days that the umverse had always been much 
as It appeared Moreover, there was quasi-Bibhcal 
support for the behef that the Earth had been in existence 
for only a few thousand years — a time-span scarcely 
allowing the possibihty that radical change in orgamc 
form had taken place 

Men’s nunds, m consequence, were not deeply curious 
about problems of orgamc change , and only rarely were 
the right questions bemg asked, the appropriate evidence 
being looked for, to permit the problems to be clearly 
recognized, siill less to be solved A reflection of this 
attitude is seen m the weight of mterest of the pre- 
Darwimans m form and structure rather than in function 
and process, the dynanuc factors in orgamc development 
being relatively ignored or neglected 

Nevertheless, durmg this same period (the first half 
of the mnctecnth century) obhque hght from various 
sources, which m due course was to be focused on the 
central fact of evolution, was begmmng to reveal the 
mtcrconnccUons between seemingly unrelated saentific 
discoveries, some of them within the field of biology 
Itself, others in fields of borderland sciences. Since 
evolution is a historical process needmg time for its 
accomphshment, a major stimulus to evolutionary 
thought came from the science of geology The record 
of the rocks recast altogether the time-scale of orgamc 
history, and revealed whole new worlds of orgamsms 
inliabitmg the Earth m past ages 

Already by 1788 James Hutton of Edinburgh (the 
“ Founder of Modern Gcologv ”) had shown that major 
rev olutions of the Earth’s surface, marked by widespread 
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diangcs in sea-level, by peuodic volcanic action, and by 
the piling-up and weanng-down of folded mountain 
chams, had occurred at several stages of Earth-history 
and pomted to a time-scale vastly . longer than any 
previously imagined (“ with no vestige of a beginning, 
no prospect of an end 

He was followed by William Smith, who between 
1799 '^^^7 established a techmque for datmg and 

correlating strata of past ages by means of the fossils they 
contain, and who thus madentaUy demonstrated that 
there have been orderly changes m the kinds of animals 
and plants inhabiting the Earth durmg geological time 

The systematic exposition of these revolutionary dis- 
CQvencs in Charles Lyell’s Prtmples of Geology (1850) 
inevitably caused a change of attitude on the part of 
biologists, who came to realize that natural history was 
much more eventful than they had formerly supposed, 
and that the time-scale of geological process provided a 
framework m which long-continued orgamc evolution 
could find a place 

Approximate measurements of geological mtervals in 
terms of years may nowadays be made &om the evidence 
of radioactive changes in the rocks. The Earth is as a 
planet probably rather more than 3000 rmlhon years old 
The oldest known rocks were formed about aooo 
mdhon years ago, the oldest richly fossihferous rocks — 
the Cambrian rocks — about 500 milhon years ago. The 
date of the first appearance of life on the Earth is un- 
known, but already by Cambrian times animals had 
become greatly diversified and elaborate in structure. 
(Sec page 120.) 

With continued mcrease in geological knowledge it 
soon became manifest that whole groups of orgamsms 
had at various times emerged from insignificant begm- 
nings, increased m abundance and variety, and then 
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FACT AND THEORY 

The " climate of opuuon ” m biology durmg the first 
half of the nineteenth century was one m which large- 
scale time-effects had no significant place In part this 
was because it was permeated by assumptions gomg back 
to medieval days that the umverse had always been much 
as It appeared Moreover, there was quasi-Bibhcal 
support for the behef that the Earth had been in existence 
for only a few thousand years — a time-span scarcely 
allowmg the possibihty that radical change in organic 
form had taken place 

Men’s minds, m consequence, were not deeply curious 
about problems of orgamc change , and only rarely were 
the nght questions bemg asked, the appropriate evidence 
being looked for, to permit the problems to be clearly 
recognized, siill less to be solved. A reflection of this 
attitude is seen m the weight of mterest of the pre- 
Darwimans in form and structure rather than m function 
and process, the dynamic fectors in orgamc development 
being relauvely ignored or neglected 

Nevertheless, durmg this same period (the first half 
of the nineteenth cenmry) obhque hght from various 
sources, which m due course was to be focused on the 
central fact of evolution, was beginnmg to reveal the 
interconnections between seemingly unrelated saenufic 
discoveries, some of them withm the field of biology 
Itself, others in fields of borderland sciences Smcc 
evolution IS a histoncai process needmg time for its 
accomphshment, a major stimulus to evolutionary 
thought came from the saence of geology The record 
of the rocks recast altogether the time-scale of orgamc 
lustorv, and revealed whole new worlds of orgamsms 
inhabiting the Earth m past ages 

Already by 1788 James Hutton of Edmburgh (the 
“ Founder of Modem Geology ”) had shown that major 
revolutions of the Earth’s surfece, marked by widespread 
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cliaoges in sea-level, by periodic volcanic action, and by 
the piling-up and -wearing-down of folded mountain 
chains, bad occurred at several stages of Earth-histor\^ 
and pointed to a time-scale vastly - longer than any 
previously imagmed (“ with no vestige of a beginning, 
no prospect of an end ”) 

He -was follo-wed by William Smith, who between 
1799 *^^7 cstabhshed a techmque for dating and 

correlating strata of past ages by means of the fossils they 
contain, and who thus mcidentally demonstrated that 
there have been orderly changes in the kinds of animals 
and plants inhabiting the Earth during geological time 

The systematic exposition of these revolutionary dis- 
coveries in Charles Lyell’s Principles of Geologf (1830) 
mevitably caused a change of attitude on the part of 
biologists, who came to realize that natural history was 
much more eventful than they had formerly supposed, 
and that the tune-scale of geological process provided a 
framework in which long-continued orgamc evolution 
could find a place. 

Approximate measurements of geological mtervais in 
terms of years may nowadays be made Eom the evidence 
of radioacuvc changes in the rocks. The Earth is as a 
planet probably rather more than 3000 million years old 
The oldest known rocks were formed about 2000 
million years ago, the oldest richly fossihferous rocks — 
the Cambrian rocks — about joo miUion years ago. The 
date of the first appearance of hfe on the Earth is un- 
known, but already by Cambrian times animals had 
become greatly diversified and elaborate m structure 
{See page 120.) 

With continued mcrease in geological knowledo-e ir 
soon became manifest that whole groups of orgamsms 
had at various times emerged from insignificant begin- 
nings, increased m abundance and variety, anrj then 
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for only a few thousand years — a time-span scarcely 
allowmg the possibihty that radical change in organic 
form had taken place 
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Darwimans m form and structure rather than in function 
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accomphshment, a major stimulus to evolutionary 
thought came from the science of geology The record 
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clianges in sea-level, by penodic volcanic action, and by 
the piitng-up and weanng-down of folded mountain 
chains, had occurred at several stages of Earth-history 
and pointed to a time-scale vastly , longer than any 
previously imagined (" with no vestige of a beginnmg, 
no prospect of an end ”) 

He was followed by William Smith, v/ho between 
1799 ^^8^7 cstabhshed a technique for datmg and 

correlating strata of past ages by means of the fossils they 
contain, and who thus madentally demonstrated that 
tliere have been orderly changes m the kinds of animals 
and plants inliabiting the Earda during geological time 

The systematic exposition of these revolutionary dis- 
coveries m Charles Ly ell’s Principles of Geology (1830) 
inevitably caused a change of attitude on the part of 
biologists, who came to realize that natural history was 
much more eventful than they had formerly supposed, 
and tliat the tune-scale of geological process provided a 
framework in which long-contmued orgamc evolution 
could find a place. 

Approximate measurements of geological mtervals in 
terms of years may nowadays be made from the evidence 
of radioactive changes m the rocks The Earth is as a 
planet probably rather more than 3000 million years old 
The oldest known rocks were formed about 2000 
mdhon years ago, the oldest richly fossihferous rocks — 
the Cambrian rocks — about joo milhon years ago. The 
date of the first appearance of life on Ac Earth is un- 
known, but already by Cambrian times animals had 
become greatly diversified and elaborate in structure 
{See page 120.) 

WiA conimucd mcrease in geological knowledge it 
soon became manifest that whole groups of organisms 
had at various times emerged from msignificant begin- 
nmgs, increased in abundance and variety, and Aen 
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attaches to those basic simiknties of structure which 
exist even in organisms or organs displaymg marked 
contrasts in function Among the vertebrate ammals, 
for mstance, the walking limb of the newt or the dog, 
the swimmmg hmb of the fish-lizard or the seal, the flying 
limb of the pterodactyl or the bird, have very diflerent 
superficial appearances, but the bony supports of all 
three kinds of organ display similarities reveahng the 
essential relationship, although it is masked by the 
different modes of hfe (Fig i) 

Equally, vestigial and rudimentary structures take on a 
meanmg they would not otherwise possess when their 
usefulness is seen in the hght of ancestral rather than 
immediate need The reduced tail (the coccyx) m man, 
the buncd hind hmbs in whales, the minute shell-remnant 
in slugs, the sphnt-bone side toes of the horses ate 
functionless (at least m that primary nature) at the present 
day , but as degenerate rehcs of organs which formerly 
were well developed and functional they are signs of a 
process of change that cast doubt on a static persistence 
of structure in orgamc spcaes 
The deviations, otherwise mcomprehensible, &om 
straightforward development often seen m mdividual 
lifc-histories may likewise be recognized as throwmg 
some hght on ancestry and descent Thus gdl-shts m 
the neck of the mammahan foetus (which receives oxygen 
through the maternal blood-stream) are never fiirmshcd 
with functional gills The adult barnacle is an attached 
form adliermg by the head region, but durmg growth 
after hatchmg from the egg it passes through free- 
swimming larval stages in which it has an appearance 
verj' hkc that of normal crustaceans Conversely, the 
floaung adult feather-star Jintedon has attached young 
stages The asymmetrical flat-fishes hkc the plaice 
and flounder, lying on their side when adult, are upnght 
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and symmetncal normal fishes when they ate young 
The bint m such growth is that individual development 

15 m some degree, at least, a reflection of steps m racial 
history 

Durmg the early nineteenth century much was also 
added to biological knowledge by voyages of explora- 
tion, on one of which (that of the Beadle) Darwin himself 
obtamed his first msight mto evolutionary processes 
In particular, a great deal of information was gathered 
about the ammal and plant hfe of distant and little-known 
counmes This new knowledge was partly of strange 
kmds of creatures (hke the kangaroos and koala-bears of 
Australia and the sloths and armadillos of South America), 
pardy of the distribution of vanous kinds of organisms 

It was soon reahxed that the dismbution is systematic 
and not haphazard, and that the Earth’s sutfece may be 
partitioned mto biogeographical realms, each with its 
own distmctive ammals and plants Moreover, the 
localized animal and plant assoaations at the present day 
are often found to reflect associations of similar kinds of 
fossils, and the evidence suggests that groups tend 
to cstabhsh themselves m selected areas, to which they 
are more or less restncted over long mtervals of time 

Thus the pouched marsupials have been almost the 
only mammals in Australia for at least 6o milhon years , 
and the sloths (mcluding extmct giant ground sloths) 
have occupied South America for a si mila r period The 
birds of the Galapagos Islands in the Pacific Ocean, 
though diffenng in detail and belonging to different 
speaes from those of the mainland, are of South American 
type , while those of the Cape Verde Islands m the Atlantic 
are m total contrast, bemg comparable with those of the 
Aftacan mainland this, despite the close similarity in 
general geographical conditions between the two groups 
of islands 
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On the other hand, it is no less significant that groups 
of animals and plants which nowadays display dis- 
continuous distribution, like the tapirs of Malaya and 
South America, and the fresh-water lung-fishes of 
Australia, Afaca, and South Amenca, were formerly 
(as their fossils show) much more widespread and have 
become fiagmented m their geographical ranges through 
local extinction 

By the nuddle of the nmeteenth century these diverse 
Items of evidence had accumulated in such abundance 
that a recogmtion of their mutual relations was sooner or 
later inevitable They were welded mto a coherent 
theory m Darwin’s The Origin of Species (1859), which, 
hke Newton’s Pniicipia, has a primary importance m the 
history of science as a synthesis of vast fields of observa- 
tion in a manner at once comprehensive and convincmg. 

Darwin found the clue to orgamc variety m evolution, 
just as Newton found the clue to mechanical movement 
in gravitation He marshalled the arguments m its. 
favour so cogently, and spread the net of his explanation 
so widely (bringing in facts of fossil succession, geo- 
graphical distribution, comparative anatomy, individual 
life-history), that after the first shock of novelty had worn 
off his theory became generally accepted. It is by now 
so firmly estabUshed that in a saentific sense it has a 
certainty that effectively makes it fact 

This IS not to say that the theory lays claim to an 
eternal infiilhbility, or that it will never be refuted by 
future biological discovery But it is to assert that all 
biological phenomena as they are now understood find 
their place within its framework, and that the manner of 
the present-day approach to biological problems and the 
techniques devised for solvmg them are based on evolu- 
tionary prmciples tliat are virtually taken for granted 
In this sense, the theory of evolution as a highly successful 
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On the other hand, it is no less significant that groups 
of animals and plants which nowadays display dis- 
continuous distribution, like the tapirs of Malaya and 
South America, and the fresh-water lung-fishes of 
Australia, Africa, and South America, were formerly 
(as then fossils show) much more widespread and have 
become fragmented in their geographical ranges through 
local extinction 

By the middle of the mneteenth century these diverse 
Items of etndence had accumulated m such abundance 
that a recognition of their mutual relations was sooner or 
later inevitable. They were welded into a coherent 
theory in Darwin’s The Ottgtn of S penes (1859), which, 
like Newton’s Trinciptay has a primary importance in the 
history of science as a synthesis of vast fidds of observa- 
tion in a manner at once comprehensive and convmcing. 

Darwin found the clue to orgamc variety in evolution, 
)ust as Newton found the clue to mechamcal movement 
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life-history), that after the first shock of novelty had worn 
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certamty that effectivdy makes it fact. 
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spent much time in studying the causes of the variations 
between individual organisms, he was never able to dis- 
tinguish clearly between those aspects of outward form 
which are the accidental effects of circumstance and those 
which are the expression of innate hereditary factors. 
Most of his labours m the field of genetics were frmtless 
and futile, in part because he was not able to ask the nght 
questions, and he vacillated between a Lamarckian 
acceptance of the mhentance of acquired characters and a 
frank confession of ignorance. The work of Mendel on 
heredity m plants was unknown to him, and lus concep- 
tion of the relations between the germ-cells (which carry 
the heritable qualities) and the body-cells appears nowa- 
days to be fantastic He carries a strong weight of 
support at the present tune only in his deductions con- 
cermng the operation of natural selection, and even from 
these there are powerful voices of dissent 

A sharp distinction must therefore be made between 
the two aspects of Darwmism. As an alternauve word 
for biological evolution, or as an expression of the fact 
that evolution enters mto the ancestral history of animals 
and plants, it is unexcepUonable, and is u5deed the central 
theme of current biology But as implying a particular 
kind of evolutionary mechamsm which Darwin favoured. 

It is by some scienusts regarded as erroneous and by 
many others as madequate Durmg the present century • 
Its deficiencies m genetics have been met by Mendekan 
theory, the synthesis of Darwinian natural selection and 
hlendehsm bemg known as Neo-Darwimsm. 

Some biologists, however, find a thoroughly satis- 
factory explanation of evolution in Mendclian process 
alone Others, the Neo-Lamarckians, mamtam that 
some truth still adheres to the speculations of Lamarck, 
who supposed that evolutionary orgamc change can be 
brought about by individual funcuonal— and inherited— 
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response to the demands of the environment (though the 
Neo-Lamarckians usually go fat beyond Lamaick m 
attributing evolution to the direct influence of the 
environment in evoking heritable adaptations) Yet 
others, behevmg that a mechamcal explanation of process 
in hving things must necessarily be partial and inade- 
quate, hold that some sort of vit^ prinaple is the source 
of evolutionary change 

Evolution may be summarized as change with descent 
In the course of generations offspnng come to differ 
from their ancestors to a degree that prohibits their bemg 
classed m the same group (which may be a closely defined 
group like a speaes, or a broader group hke a genus or a 
family) Thus rhmoceroses are descended from small, 
slender, hghtly-built runnmg forms not very different 
from ancestral horses Hippopotamuses are modified 
swine, and through a senes of mtermcdiate types can be 
traced back to ancestors not very different in essential 
structure from hving pigs The earhest known birds 
have a rcptihan-hke true bony tail, but their modem 
successors have a tail only of feathers Such changes , 
involve constant and cumulative variation m the members 
of a speaes, the descendants successively departing from 
the norms of earher generations The process is 
possible only when individual vanants anse and pass on 
their novelties and differences to succeeding generations 

At the same time, the only agent of transmission of 
characters is heredity The manner in which the 
individual grows in the hkeness of its parents — so that a 
tadpole grows mto a frog, an acorn mto an oak — shows 
that heredity is powerful as a conservative force tending 
indefimtely to mamtam uniformity of type, and if 
heredity were the only force operative, evolutionary 
effects could not be mamtamed for any length of time, 
but would gradually die down to insignificance 
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A satisfactory theory of the mechanism of evolution 
must therefore take mto account a number of separate 
factors of organic process, some of which appear to be 
mutually opposed These factors include the means 
whereby hke begets hke, the emergence of variant m- 
dividuals to allow progressive change to take place, the 
selection ensunng survival of at least some of the 
variants, and the mcorporation of variant characters m 
the hereditary stream The theory must also explam 
the courses taken by the knes of evolution, the diverse 
products of evolutionary process in different parts of the 
Earth, tlie recurrence of similar evolutionary trends at 
different periods of Earth-history, and the periodic 
extinction of previously successful hnes of evolution. 

All the factors are not equally or identically expressed 
m every orgamc group For instance, inheritance m 
orgamsms which reproduce by buds or shoots (such as 
corals and sea-mats among animals, potatoes and black- 
bernes among plants) is not identical with mheritance in 
sexually reproductive orgamsms (which comprise the 
great majonty of animals, and most plants). The mode 
of evolution is thus not readily stated m a smgle formula 
It may differ m kind, or may display a differential em- 
phasis, m different groups of orgamsms or m contrasted 
circumstances. Sweepmg generalizations are ceasing to 
be acceptable as summaries of evolutionary theory ; and 
the problems of evolution become more intricate the 
greater the detail m which they are studied. 
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response to the demands of the environment (though the 
Neo-Lamarckians usually go far beyond Lamarck m 
attnbutmg evolution to the direct influence of the 
environment m evokmg heritable adaptations) Yet 
others, behevmg that a mechanical explanation of process 
in hving thmgs must necessarily be partial and inade- 
quate, hold that some sort of vitdi prmaple is the source 
of evolutionary change 

Evolution may be summarized as change with descent 
In the course of generations oflspnng come to difier 
from their ancestors to a degree that prohibits their bemg 
classed m the same group (which may be a closely defined 
group hkc a speaes, or a broader group hke a genus or a 
family) Thus rhinoceroses are descended from small, 
slender, hghtly-built running forms not very different 
from ancestral horses Hippopotamuses are modified 
swine, and through a scries of intermediate types can be 
traced back to ancestors not very different in essential 
structure from hvmg pigs The carhest known birds 
have a reptihan-hke true bony tail, but their modem 
successors have a tad only of feathers Such changes , 
involve constant and cumulative vanation in the members 
of a speaes, the descendants successively departing from 
the norms of earher generations The process is 
possible only when individual variants arise and pass on 
their novelties and differences to succeeding generations 

At the same time, the only agent of transmission of 
charaaers is heredity The manner in which tb 
individual grows m the hkeness of its parents — so thn 
tadpole grows into a frog, an acorn mto an oak — sh 
that heredity is powerful as a conservative force ter 
indcfimtely to mamtam uniformity of type, ^ 
heredity were the only force operative, cvolt 
effeas could not be mamtamed for any length 
but would gradually die down to msignificanc'' 
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The other regards the materials of mhentance to be inde- 
pendent particles or elements -which remam discrete 
and unblended as they are passed from one generation to 
tlie next. 

A theory of blendmg was particularly favoured by 
Darwin himself As a thorough mixing of inherited 
ingredients, and a mutual annulhng of any parental 
differences, blending imphes that the individu^ m its 
general form hes midway between its parents In 
successive generauons it should thus cause a pervading 
sameness to spread through the members of an mter- 
breeding population. To counteract this mcreasmg 
uniformity, which manifestly does not occur, Darwm 
supposed that a corresponding measure of variabihty 
was restored partly through the mcidencc of mysteriously 
arismg " sports ” (what would now be called mutations), 
partly through differences m individual habits. A 
difference in habits is reflected m a difference in form 
(the muscular development of a blacksmith is not that of 
a postman), and Darwin followed Lamarck in thinking 
that the effects of mdividual use and disuse could be 
transmitted to the germ-cells, and so be earned into 
succeeding generations 

These assumpuons have not sunnved practical tests 
True and complete blendmg, as Mendel first showed in 
1866 and as experiment has smee amply demonstrated, 
does not occur , and when attempts ate made to mduce 
heritable Lamarckian effects m pure stocks they ate 
almost invariably unsuccessful, or the results are am- 
biguous. The doctrme of the Russian hlichunn- 
Lysenko school that nurture is of supreme importance m 
evoluuon is based on inadequately reported expeumental 
evidence, the value of which cannot at present be 
assessed. 

In any event, it is difEcult to imagme, even as hypo- 
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thetical possibility, any mechanism by which environ- 
mentally mduced change m the gross structure of an 
mdivtdual can be genetically transmitted to its offsprmg 
Thus the nearly constant self-regulatmg internal environ- 
ment of warm-blooded vertebrates is virtually unaffected 
by even strongly marked changes (say m temperature or 
humidity or food-supply) in the external environment, 
and the getm-ceUs which hve m the mtemal environment 
could provide for an adaptive structural change m the 
next generation only through prophetic intuition 

Suffiaently violent and penetratmg environmental 
stimuli may, of course, reach the germ-cells m the ovaries 
or the sperm-sacs It is now a usual experimental 
practice to mduce heritable changes by means of X-rays 
and certam poisonous chemicals But the ensuing 
alteration in the nature of the hereditary matenals (and 
consequendy of the offsprmg) is “ random,” and bears 
no necessary functional relationship to the nature of the 
stimulus 

Blendmg inheritance, and gross bodily response to 
use and disuse, ate thus rejected as means of accountmg 
for heredity and evolution They are replaced by a 
theory, now generally accepted, that has its roots in the 
experiments of Mendel on inheritance in garden peas It 
cxplams the transmission of hereditary quahues m terms 
of the constitution and activities of the elements of die 
germ-cells These elements are chiefly the visible thread- 
like chromosomes, and the genes which the chromosomes 
arc inferred to carry 

In the germ-cell of any one kind of orgamsm each 
chromosome is highly mdividual m both the number and 
the kinds of genes it carries, and differs not only from 
ncighbounng chromosomes m the same cell, but also from 
the chromosomes of cells m other kinds of organisms 
The genes appear to be the primary stimuh of growth , 
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and frequently (if not as yet invariably) the nature of 
particular organs and characters in the growing body may 
be attributed to the influence of particular genes That 
IS, there is a very close correlation between maturmg 
body-form and the inherited system of chromosomes and 
genes assembled in the initial fertilized egg. Corre- 
spondingly each specific kind of organism has its standard 
complement of specific chromosomes 1 for instance, 
there are twenty-four chromosomes m a full set in man, 
four m the banana-fly, seven in the sweet-pea 

The process of formation of the germ-cells is highly 
elaborate and is not completely understood, but m 
essentials it ensures that by fission and subdivision of the 
parental chromosomes and genes a full set of each is 
normally given to every germ-cell. That is, the chromo- 
somes and the genes reproduce themselves, and recur as 
discrete enuties at successive stages of cell-structure and 
cell-division, retaining their mdividuahty as they are 
transmitted from one generation to the next 

When an ovum is fertilized by a sperm, the resultant 
first cell of the newly conceived offsprmg thus contams 
a double set of hereditary elements • twin pairs of 
chromosomes and twm pairs of genes, the members of 
each pair being derived the one from the male, the other 
from the female parent. Each parent thus contributes 
roughly half of the determinants of growth to the 
offspring. 

When the two chromosome sets are identical — ^which 
sometimes happens m self-fertihzed orgamsms — ^the 
hereditary Ime is said to be pure, and all members of the 
hne have the same hereditary constitution. When, 
as IS usually the case (since the two parents are very 
rarely identical), there are differences between the 
chromosomal or gemc contents of egg and fertilizing 
sperm, the hereditary product is hybrid The hybrid 
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form then eontams, or may contam, aggregates or 
assoaations of genes different from those of either its 
parents or its fellows, and thus as it grows may reveal a 
variability that is strictly the expression of a umque 
constitution 


The chromosomes and genes m the fertilized egg, 
derived from different parents, associate but do not fuse. 
They may be looked upon as a board of directors working 
more or less harmomously together in the organization of 
mdividual growth, but each maintaining a physical 
distinctness that is not destroyed by their association 
^ succeedmg generauons they may go their more or 
less mdependent ways, separating and recombining m 
ever-mcreasmg complexity as the number of ancestors 
increases 


This mdependent assortment, reflecting sharp segrega- 
tion and particulate behaviour of the genes, was Mendel's 
^sential discovery It explains much of the variation 
R ^ organisms of the same speaes, even m 

rothers and sisters m the same family As the genes are 
u traimcroscopic m size, proof of the assortment carmot 
e obtained through direct observation . it hes m 
statistical deductions based on the mathematics of 
probability when a sufficiently large number of mstances 
are exammed Nevertheless, whatever the nature of a 
e gene may be, the results of Mendehan experiment 
ate not to be controverted when the populations dealt 
wit are large enough to smooth out any irregularities 
incidental » random ” effects 

f flmte number of genes carmot, how- 
ran mdeflmtely continued evolution they 

sinukr nr arrangement of the umts of basically 

rise fn Mendehan assortment thus gives 

maiot evolin.^ imited (though wide) variabihty For 
onary progress to persist it must be supple- 
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meated by other means of hereditary change. These 
arise when tlie steady transmission of chromosome-sets 
and gene-sets from ancestors to descendants is periodic- 
ally broken by abrupt modifications in the regularity of 
the process or in the nature of the genes Such altera- 
tions m genetic constitution are called mutations They 
take place m t^^o principal ways . as chromosome- 
mutations and as gene-mutations. 

Not infrequently the splitting of the twm pairs of 
chromosomes in the formation of the germ-cells may be 
mcomplete, and cells then become overstocked'(or under- 
stocked) with chromosomal material This commonly 
happens m plants, when the succeeding generation, 
grown from seeds with an abnormal endowment of 
growth-stimulus, departs markedly from the parental 
type The spectacular contrasts brought about by such 
means in the cvemng primrose offered tlie Dutchman de 
V ties his chief evidence of mutation in the early years of 
the twentieth century. 

Rearrangement of the chromosomal elements may also 
result (commonly in both plants and animals) from break- 
ages occurring in the chromosomes durmg the separation 
of the members of twin pairs there may be simple 
exchange of corresponding segments between the twins, 
or inversion of the chromosomes by a twisting of the 
twins, or gains or losses on the part of one or other 
twin 

Smce the chromosomes carry the genes, the gemc 
pattern in the germ-cell is affected by such chromosome- 
mutauons Nevertheless, regroupings of chromosome- 
segtnents, smce they do not cause alteration m the in- 
trinsic nature of the hereditary umts, have the same 
shortcommgs as gene-recombmations m their inabihty 
to sustain radical evoluUonary advance for any con- 
siderable Icngtli of time, and m the frame of the geo- 
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logical tune-scale their effects are minor in comparison 
with those of gene-mutation 

Mendehon assortment is statistically a fact of experi- 
ment Chromosome-mutations are facts of observatiotL 
Gene-mutation, the third type of alteration m the nature 
of the germ-cell, is not so directly known This is 
because the genes cannot yet be isolated and exammed as 
separate physical entities Nevertheless, through their 
effects they can be located m specific parts of speafic 
chromosomes, and they are earned m chromosome- 
mutations with those segments of the chromosomes to 
which they are inferred to belong They have an 
existence no less real than that of chemical molecules, and 
m theu reactions suggest that they consist of complex 
proteins operatmg m a matrix of nucleic aad Tlicir 
mutations may w^ be due to changes m the composition 
of the protem molecules In any event, each gene 
has a highly specific control on growth, whatever is its 
fundamental nature , and m terms of hereditary effects 
gene-rautation is an alteration m this specifiaty of control 
It IS revealed in an alteration in the form or function of the 
bodily character whose growth m the maturmg orgamsm 
is controlled by the mutant gene Such mutations are 
known to occur repeatedly, and over extended mtervals 
of time their cumulative effects may lead to profound 
transformations of bodily structure 

All or nearly all the evidence pomts to the conclusion 
that the inherent determinants of growth reside very 
largely m the chromosomes and the genes, the nature of 
which is reflected m the structure of the growmg 
organism Except m the rare cases of pure strams, the 
individual therefore usually displays variation from the 
parental type through Mcndelian assortment and through 
Ac accidents ” of chromosome- and genc-mutation 
Even under condiuons as nearly umform as possible the 
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members of a single population will consequently respond 
differently to environmental stimuli because of differences 
in gemc composition, because of inberent differences in 
potentiabties of growth. 

Nevertheless, the orgamsm is at all stages of growth 
organized in its structure and activities, and a view of 
heredity that regards the genes to be simply additive m 
their influence is misleading. Thus in simple chromo- 
some-exchange and mversion the mutation mvolves no 
net addition or subtraction of germ-ceU material, and 
the total number and lands of genes remain constant 
the only recognizable alteration hes m a re-arrangement of 
segments of the chromosomes. The modified growth 
processes to which such a mutation gives rise cannot 
therefore be attributed to the influence of new gemc 
substance, but must follow solely from position-effects, 
from changes m the locations of ihe genes, from a recon- 
stitution of the whole genetic system That is, the 
chromosome-exchange causes some or all of the displaced 
genes to find themselves in novel environments of other 
genes 

It IS consequently an over-simplification to regard 
the mdividual genes as wholly isolated agents operating 
m utter disregard of surrounding circumstance, each 
separately deterrmning some particular structural feature 
in the growing body. On the contrary, the position 
effects show that each gene is itself influenced by neigh- 
bounng genes, and the whole assoaation of chromo- 
somes may be looked upon as a complex gene-environ- 
ment Itself controUmg the specific behaviour and effects 
of mdividual genes— though, as Mendel’s work showed, 
there is a crude division of gemc labour. 

A chromosome-association m a cell is thus a highly 
elaborate and mtegrated mechamsm, each part of which 
IS m a stimulating and controUmg environment of all 
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the other parts Any sort of mutation, though m one 
sense physically localized, is m reaction more or less 
pervasive It is therefore a nusleadmg simplification to 
equate a particular character m an orgamsm (hke pig- 
mentation m man, or rose-comb m fowls, or wnnkled 
skin m peas) with the influence of a specific gene or a 
few speafic genes The gene is not the character, 
not even the character m embryo, not'even the pomt of 
ongin of the character — though it may be the primary 
catalyst of character-expression, of organ-differentiation, 
as the body grows In a sense, all the genes, as active 
paruapants m the promotion of growth, contnbute to 
each and every character that arises m the process of 
growth Indeed, it may be shown experimentally that 
combmed gemc operations m the control of chamcter- 
expression ate widespread thus eye-colour m the 
banana-fly is directly controlled by more than a score of 
genes Conversely, a smgle gene may have multiple 
effects and control the growth of a number of “ separate ” 
organs and characters thus the gene “ stubbloid ” m 
the banana-fly demonstrably promotes the growth of 
crumpled wmgs as well as of shorter bristles 

Every mutation disturbs the equihbnum of the whole 
organized gene-complex, which m turn acts as the con- 
straining environment of each new mutation Smce 
the intricate machinery of the gene-complex (with thou- 
sands of genes integrated m their acUvmes throughout a 
constantly changmg hfe-history) rests m a dehcate balance 
of mutually affective gene-reactions, any upset, however 
shght, of that balance is more hkely to be disadvantageous 
than bendiaal Most mutations ate consequently 
harmful, many of them lethal This is another way of 
saymg that the mdividual genotype — the whole organized 
association of genes m the germ-cell — can survive only 
w cn Its own mtetnal environment allows. 
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Furthermore, the chromosomes and the genes form 
only a comparatively small part of the total cell, whereas 
growth of the body as the cells divide involves the 
elaboration of a great vanety of materials organized m 
complex chemical and physical ways If the genes 
control this process of growth they must do so not so 
much by direct partiapation (the gene does not itself 
become the crumpled fly-wmg or the serrate tomato- 
leaf) as by stimulation. The stimulus is chenucal, and 
the genes function as activators, organizers, and deter- 
minants probably through the agency of catalytic ferments 
hke hormones and enzymes 

Direct evidence of the functional controls on growth 
exerased by genes is afforded m the case of those gene- 
mutaaons which are outwardly recognizable only through 
differences m behaviour of the mutants, and not through 
differences m anatomical structure. Thus the normal 
form of the water-flea Daphnia longispina en)oys an 
optimum temperature of growth of 20° C., with limits 
of survival rangmg from n® to z8° C, A warmth- 
loving mutant, outwardly mdistinguishable from the 
normal form, has its optimum at 27° C , with survival 
hmits rangmg from 20° to 52° C 

In summary, Mendehan theory at once illuminates the 
manner in which mdividual growth is controlled by 
inherited factors, provides reasons why offsprmg re- 
semble their parents m some respects and differ from them 
m others, and explains the emergence of variants with 
heritable quahtics providmg the material for evolutionary 
advance. 
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VARIABILITY 

G enotypic variability, the range of potential 
differences between the structure and habits of 
members of a speaes tliat may anse through 
differences m genetic constitution, is not the only kind of 
vanabihty 

Orgamsms do not grow m a vacuum They react to 
the stimulus of the environment, and although the 
determinants of heredity reside m the material sub- 
stance and the arrangement of the elements of the germ- 
cells, It IS naive to look upon the chromosome and gene 
content of the egg as the embryomc structural content 
of the developing mdividual PreformaUon, with each 
separate structure m the adult having its material eqmva- 
lent in the egg, is no longer an acceptable assumption 
(though at one time biologists imagined they could see 
the dimmutive man, the homunculus, m the human 
sperm) Development is not a simple Ctunese-box 
emergence of what is already there An orgamsm is 
what It becomes 

In heredity characters as such are not handed on 
the egg carries developmental potentialmes only The 
potentiahties are composite They derive from what is 
given m the inherited genot3rpe, and they are hmited by 
what the organism can tolerate at every stage of growth 
They become actuahues only when there is conunuous 
adjustment of separate parts m an mtegrated whole, when 
there is always appropriate funcUon to satisfy changmg 
organic need But within the hmits set by the necessity 
to survive, rclauvely wide differences m structure and 
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form are possible on any given genotypic basis, and 
reveal themselves when grovnh takes place in contrasted 
environments. No orgamsm is compelled to grow to 
precise strait-jacket specification, or to travel a single- 
track route to some predestined end 

The effects of abnormal environments m modifymg 
“ normal ” growth are sometimes spectacular Thus a 
mere change in temperature or m relative humidity may 
cause delay m the metamorphosis of certam salamanders 
from the tadpole stage, so that giU-bearing mdividuals, 
still “ larval ” m not having acquired lungs, are senile m 
other respects, and die of old age. Conversely, thyroid 
extract induces the premature metamorphosis of tad- 
poles into frogs The addition of minute amounts of 
hthium to the water in which certam fishes grow causes 
them to develop a single central cyclopean eye In 
amphibian grafts and chimeras thoroughly healthy 
monsters with two heads or two tails or displaced 
organs ate common products of laboratory experiment 
Sponges may be fragmented to powder and sieved, and 
the particles mduced to reorganize themselves mto com- 
plete sponges again. Hydra-headed planarian worms 
may be manufectured by smpping the smgle head of a 
normal worm 

These are gross examples of “ mutilation,” but what 
IS abnormal about them is no more than what is unusual. 
The abnormaUucs reside only m the wide deviations of 
growth from what has come to be expected, and not m 
the violation of any intrmsic property of hving matter. 
They merely illustrate in startling frshion the pervasive 
relation between orgamc form and conditiomng environ- 
ment. In daily experience, a man may be thin because he 
belongs to a slender race or because he needs food , a 
deficiency of lochne in the diet may lead to cretinism; 
trees lean away from the wind , plaice take their colour 
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variants about a norm, or average. That is, the variation 
is continuous. For instance, pure-bred self-fertilized 
broad beans (genetically uniform therefore), grown m a 
garden under slightly differing environmental conditions 
of soil-type, nutrition, insolation, humidity, distance from 
the ground, and position m the pod, display correspond- 
ing somatic variation a few beans may have a weight of 
as iitde as lo cgm or as much as 8o cgm , but the vast 
majority (about 76 per cent) have a weight of between 50 
and 60 cgm , and there is a rapid fallmg-away m numbers 
' on either side of the mean. Similar contmuous variation 

IS displayed m the number of ribs on cockle-shells 
collected on a beach over an area of a few square yards ; 
but It IS not cextam in this instance that all the variation 
fixa is free of genetic influence (See Fig. z ) 

Nevertheless, although tliere is thus a convement 
analytical distinction in kmd between genetic or muta- 
tional vanation and somatic vanation — the one being 
heritable, the other not — it is difficult to resolve the two 
’ components m the individual phenotype. Since no two 
organisms, even if genetically identical, find themselves m 
precisely the same environment throughout hfe, pheno- 
tjpic variation is umversaL Usually it embraces or is 
> superimposed on genotypic variation, and as there is no 
abstract standard of the genotype detachable &:om the 
environment (that is, as the nature of the genotype is 
necessarily and mvariably manifested m some environ- 
ment or other), the umtary individual variant is a com- 
posite product of two mdependent variables 
The individual fertilized egg has a wide range of 
potential phenotypic variability. It could survive, and 
in sny one of a great many possible environ- 
ments. These are, however, imtial possibihues only. 
From the moment of its conception — once it begins, m 
fiict, lo grow — ^it is, of course, affected by only one 
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Specific envifonment (or only one sequence of environ- 
ments) that in which it finds itself of the many it 
might have met Its potentiahties of form are narrowed 
down as it matures, and its resultant growth comes to be 
directed along a defined chaimel • m its adult state it 
cannot be both fat and thm, stunted and well set It 
thus matures mto a merely incidental individual variant 
differing pardy by chance from the norm of its speaes m 
more or less degree 

Similarly, the vanabihty of a commumty of freely 
interbreeding members embraces the whole field of 
possible variants that rmglit arise with growth This is 
a more extended variability than that of the smgle m- 
dividual, smee (except m pure hnes of descent) there is 
usually an mdefimtely large number of genotypic 
patterns m the germ-cells of a commumty of fair size, 
permuting all the genes and gene-mutauons of its 
members But any one community, however large, 
cannot meet all possible environments permitting sur- 
vival, and the range of variation actually expressed in its 
adult members is always more lirmted than the inherent 
range of vanabihty 

C^ain sigmficant results follow from these facts, for 
different interbreeding communities of a given species 
never find themselves m preasely the same environments 
Thus commumties of trout inhabitmg neighbourmg 
streams, or of flowers growing on neighbounng soils, 
or of gulls ncstmg on neighbouring islands, no doubt hvc 
under broadly sinubr conditions, but in detail they meet 
apprcaable disparities m food-supply or exposure or 
temperature or crowding, and so tend to become 
phcnotyptcally divergent 

The fresh-water mussels arc very susceptible to 
environmental control on the form of the shell In 
them obesity tends to increase with mcrease in stream- 
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velocity, and shell-tiuclcness with increase in the calcium 
content of the surrounding water. In tlie still hard 
water of a pond, therefore, a commumty of mussels may 
display fluctuating variation in the shape of its members, 
but on the whole it is likely to be typically represented by 
forms which are relatively slender and thick-shelled A 
neighbourmg stream of &esh water, on the other hand, 
may contain mussels of similar inherent constitution • 
some of these may be as slender and as thick-shelled as 
those of the pond, but most will be relatively stout and 
thin-shelled 


When there is an abrupt separation of commumties 
by physical barriers, as of mussels of unconnected streams, 
the differences may be so marked that httle variational 
overlap occurs between the separate communities, which 
then appear to belong to different species Thus in 
France over 250 so-called “species’' of the mussel 
Ajiodonta have been reported Reciprocal transfer and 
cioss-breedmg between the forms from different locahties 
have revealed, however, that environmentally mduced 
differences (liabitat differences) are mainly responsible 
for the commumty-contrasts and have been mistaken 
for gross geneuc differences, and it is, in fact, probable 
that no more than two or three distinct speaes of mussel 
are represented 


In America, on the other hand, it has been shown tha 
the mussels of a large, continuous water-body hk 
the Mississippi river, in which there are notable environ 
ment^ contrasts m different parts of the course, displa 
a systeinatic change in the form of the shell as they ar 
tiaced along its length ^ 

Vaimto,! ,s thus mamfold. It has a caitral import 
tlce for evolution in nrr\Trirli.a~ « j: -I ^ 
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genetacal variation — ^the only kind that inheres m the 
essential constitution of successive communities For 
this reason some of the early Mendelians considered 
evolution to be simply and adequately explained by 
ascnbmg it to a smgle important fector, die accumula- 
tion of a succession of mutations This clearly is an 
over-simplification The actual mdividuals formmg the 
sundry commumties upon which the evolutionary pro- 
cess operates are phenotypes always reflecting a com- 
ponent of environmental variation , and smee the process 
IS one of the contmued selection of certain actual forms 
and t3rpes and the extermination of other actual forms and 
types, the mfluence of the environmenc cannot be ignored. 
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ADAPTATION AND NATURAL SELECTION 

I N the vast ma)otity of their characters all organisms 
are adapted to live m the environment in which they 
find themselves The alternative to not being 
suffiaently adapted is not to hve. This is a trite state- 
ment of fact It confers on adaptation a meaning that 
imphes no more than a close correlation between 
stnicture and mode of life Birds have wmgs, and fly. 
Razor-shells have tubular siphons, and eat food-frag- 
ments carried by the channelled water-currents. Stur- 
geons are toothless, and grub m mud Fishes have gills, 
and breathe in water Heart-urchins have slender, hair- 
like spmes, and burrow. Geese have webbed feet, and 
swim. 

The orgamsm’s abihty to function is clearly de- 
pendent on the availabflity of a smtable environment ; 
a fish out of water or a man m it soon dies. The 
adaptation is always more or less specific and contingent, 
and is the expression of a relation. The closer the 
adaptation to a given environment, the more the organ- 
ism is “ speciahzed,” the more narrowly defined is the 
relation If tlie relauon is rigid (as when the giant 
panda must have bamboo-shoots, the koala eucalyptus- 
leaves, or starve), the adaptation may be so dehcately 
balanced that survival is hkely to be precarious and short. 

In a great many cases the cruder sorts of adaptation 
are obvious, especially the mechamcal devices for loco- 
motion and feeding. Thus tlie horse has the slender 
build of the fast long-distance runner, not only in the 
general form of its hooved long legs and streamhned 

^9 
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ovec loog periods, and the same result is achieved by 
greatly elongated toots which may descend scores of 
feet to reach deep-seated water. The sharp nbs and 
spines on the shell of the piddock are mstruments useful 
in filing away soft rock as the mollusc bores the hole in 
which It hves The “ line-and-bait,” sometimes lumi- 
nescent, on tlie head of the angler-fish is an effective 
device for enticing prey. The most spectacular of such 
adaptations arc perhaps illustrated in the phenomena of 
mimicry — ^not only the warning hkenesses between one 
animal and another (harmless fly and siingmg wasp, 
palatable and inedible butterfly), but also protective and 
aggressive hkenesses between orgamsm and background 
(stick-msect and leaf-insect resembhng twig-structures 
for defence, spiders simulating oak-galls for attack) 

Rather less obvious than large modifications of 
structure are adaptations most clearly expressed in func- 
tional and physiological behaviour The desert-m- 
habiting camel stores food temporarily in its hump. 
Tlie lung-fish, hving in streams which may periodically 
dry up, secretes a protective gelatinous cover to reduce 
body-evaporation to a minimum when it buries itself m 
the mud. Lactation-mtcrvals in the grassland horse, 
constantly on the move, are short, but in the relatively 
sedentary ruminant cow, naturally mhabitmg mixed 
woodland, they are long The abihty to shed part of 
the body, as when a crab sheds its claw or a hzard its 
tail, allows escape from danger Colour-patterns, warn- 
ing in the wasp and coral-snakc, cryptic m the leopard 
and arctic fox and plaice, illustrate certain kinds of 
mimicry 

The general occurrence of adaptation, m the sense of 
this correlation between cettam characters of the organ- 
ism and the envtronment in which it hves, has misled 
some biologists into supposing that all structural 
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contour, but also m tbe details of muscular attachment 
and bone-)omt m almost every part of its skeleton It 
expects to escape from enemies by never bemg caught, 
and m open grassland (its natural home) its expectations 
are mostly justified As a prairie herbivore it has a 
long battery of deep-crowned gnndmg cheek-teeth of 
mtricate structure, admirably smted,to the mastication of 
harsh grasses 

In contrast, such a large carnivore as the hon, which 
preys upon the horse and other fest runners, must be 
powerfully built for attack its body is consequently 
relatively well-knit, massive, and muscular, with short 
legs and clawed toes, and it cannot maintain the speed of 
Its prey for any length of time it thus compensates m 
agihty for loss of fleetness, and achieves its ends by sur- 
prise Its food, bemg flesh, requires httle mastication, 
and Its teeth, are short-crowned and relatively simple in 
structure, but with elongated stabbmg canines and 
shcanng back teeth 

Among fishes “ normal ” forms hke cod and mackerel 
are almost continual swimmers, with torpedo-shaped 
bodies and small, sharply pomted teeth for huntmg prey 
They differ markedly from such bottom-dwellers as 
skates and rays — forms swimming by horiaontal undula- 
tions of the laterally expanded flat body and feeding 
mostly on shellfish by means of teeth arranged in a 
mosaic pavement to function as crushmg mills Sigm- 
ficantlv, the secondarily aquauc mammals hke the por- 
poises and dolphms, and reptiles hke the extmet fish- 
hzards, bear close structural and mechamcal analogies to 
predator-fishes hke the cod 

Such adaptations of structure are so common and 
widespread among animals and plants that they need only 
be mdicated to be recognized The swollen leaves and 
stems of many desert plants enable them to store water 
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over long periods, and the same result is achieved by 
greatly elongated roots which may descend scores of 
feet to reach deep-seated water. The sharp ribs and 
spines on the shell of the piddock are instruments useful 
m filing away soft rock as the mollusc bores the hole in 
which It hves. The “ hne-and-bait,” sometimes lumi- 
nescent, on the head of the angler-fish is an effective 
device for enticing prey. The most spectacular of such 
adaptations are perhaps illustrated in the phenomena of 
mimicry — ^not only the warning hkenesses between one 
animal and another (harmless fly and stmgmg wasp, 
palatable and inedible butterfly), but also protective and 
aggressive hkenesses between orgamsm and background 
(stick-msect and leaf-insect tesembhng twig-structures 
for defence, spiders sunulatmg oak-galls for attack) 

Rather less obvious than large modifications of 
structure are adaptations most clearly expressed in func- 
tional and physiological behaviour The desert-m- 
habiting camel stores food temporarily in its hump. 
The lung-fish, hving m streams which may periodically 
dry up, secretes a protective gelatmous cover to reduce 
body-evaporation to a minimum when it buries itself in 
die mud. Lactation-intersrals m the grassland horse, 
constantly on the move, are short, but in the relatively 
sedentary ruminant cow, naturally inhabiting mixed 
woodland, they are long The abihty to shed part of 
the body, as when a crab sheds its claw or a hzard its 
tail, allows escape from danger Colour-patterns, warn- 
ing m the wasp and coral-snake, atyptic m the leopard 
and arctic fox and plaice, illustrate certain kinds of 
mimicry. 

The general occurrence of adaptation, in the sense of 
this correlation between certam characters of the organ- 
ism and the environment in which it hves, has misled 
some biologists into supposmg diat all structural 
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elements and functional responses must necessarily be 
adaptive, and much effort has been expended m attempts 
to prove the usefulness of sundry orgamc features 
Some of the explanations given have been so uncon- 
vincmg that other workers have repudiated the uni- 
versahty of adaptation, and have quoted instances 
seemingly opposed to its occurrence These mclude the 
fantastic ornament seen m some mollusc shells, the 
enormous antlers of the (now extinct) Irish elk, the 
grotesque bony outgrowths of some of the dmosaurs, 
the mcoiled cheek-penctraung canine teeth of the hog 
Barbmisa, the helmet and beak of the hornbiU 

In less bizarre organisms it is clear that many char- 
acters and habits are without directly recognizable 
adaptive value This is notably so with vestigial and 
rudimentary organs which, on an evolutionary mter- 
pretation of their significance, are rehcs of ancestral 
conditions no longer persistmg It is difficult to imagine 
any appropriate use for the wings of the kiwi, or the 
minute hidden hind limbs m whales, or the splmt-bone 
toe-rehcs of the horse, or the teeth of the infentile 
duck-billed platypus Some of these vestiges are not 
merely useless, but may be positively disadvantageous or 
harmful, hke the human appendix and wisdom-teeth, 
and all of them divert energy of growth Some vesugial 
structures may be converted to uses other than their 
original ones, but such secondary adaptation is no ex- 
planation of essential structural form human toes, 
rehcs of graspmg organs, make poor balancers, and as a 
paddle the pengum-wing is contrived with unnecessary 
elaboration 

In any event, structural and fiincaonal adaptation can 
rarely if ever be specific and prease, but must generally 
be a compromise. The environment occupied by the 
members of any given species is not absolutely uniform 
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over the whole range of the speaes, and individuals 
must be resihcnt enough to accommodate themselves to 
more or less marked departures from optimum condi- 
tions Indeed, except perhaps m the alrnost unvarymg 
conditions of the very deep sea, the organism must 
expect to meet day-to-day and season-to-season changes 
m environmental circumstances, and may need to make 
relatively large-scale adjustment to the changes 

Tlie seasonal effects upon many birds, upon mammals 
like the reindeer and the bison, upon fishes hke the 
salmon, evoke the response of migration Some ammals 

meet unfavourable environmental conditions by be- 
coming torpid durmg cold winters or hot dry summers 
Seasomd cycles also involve changes m food-supply, and 
resident temperate birds eat seeds m summer, berries m 
wmtcr , caribou eat shoots, leaves, and grasses m summer, 
lichens and mosses in winter, many carmvores supple- 
ment flesh by vegetable foods during periods of dearth — 
some of them, hke bears and men, becommg more or 
less undiscnminating and ommvorous Seasonal change 
of appearance, as in a loss of wmter wool by the sheep, m 
the coloration of the stoat and the arctic fox, and m the 
conspicuous courting feathers of many birds, is a further 
instance of the same systematic controls The yearly 
cycle among flowering plants m temperate lands is an 
outstanding example of seasonal effects 
A comparable lack of environmental uniformity is 
experienced by all orgamsms as they grow from mfmey 
to maturity Thus adaptations of the foetus m mammals, 
of swimming larval stages in crabs and lobsters, of cater- 
pillars of moths and butterflies, are useless in the adults, 
and arc partly discarded as matunty is reached In most 
groups there is often sigmficant (though usually not 
large-scale) migration from one environment to another 
at various stages of growth. 
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Influenced by these complex variables, the individual 
cannot be closely and comprehensively adapted through- 
out Its life to any smgle static environment, but must 
exhibit a generalized over-all response to the fluctuations 
of events, and must be prepared (if it is to survive) to 
accommodate itself to the conflicting or successive 
demands of the diflerent and changeful elements in its 
total environment Some of its structures and potential 
functions are at times dormant, and may become obsolete 
and cease to have adaptive significance if the environ- 
ment should suffer contmumg change — as in fact geo- 
logical evidence shows all environments to have done 
Adaptation is thus not a simple conception, and is not 
always revealed by mspection Smee it reflects a 
balanced relationship between orgamsm and environ- 
ment, an empirical measure of its occurrence and its 
effectiveness is given not by equatmg smgle characters or 
functions with specific uses, but by the success with 
wluch members of a species manage to overcome the 
disabihues of existence The proof of that success can 
only be m terms of the survival of a sufficient number of 
individuals to reproductive matunty, and thus of a 
mamtenance of the numerical size of the speaes from 
generation to generation If numbers are maintained or 
mcrcase, the species is well adapted, if they dimmish, 
ill adapted An objective defiiution of adaptation is 
thus a reflection of this relationship between organism 
and environment what is adapted is what survives 
The physical environment is mdifferent to orgamc 
survival, and is not itself adapted to the orgamsm The 
best It can do for the adapted form is not to change In 
fact It always changes If the changes arc too rapid or 
too radical, as durmg the onset of an ice age, adaptation 
cannot keep pace, and widespread cxtmction follows 
This happened m the northern hemisphere m the re- 
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latively recent geological past, when a great many kmds 
of orgamsms were ather killed off or were restricted m 
their geographical range When the changes are long- 
term, the more fortunate animals and plants may survive 
if in successive generations they make appropriate 
adjustments of structure and function — that is, if they 
evolve along tlie right lines Tlie environment therefore 
is always hostile in more or less degree to the individual 
orgamsm or species, and there is a never-ending struggle 
for surtuval in the teeth of this hostihty. 

To the single species, however, the environment is 
not simply represented by chmate and geography It 
also includes all the other species of orgamsms with which 
there might be contact. Indeed, the mouse sees the 
hostility of the cat or die hawk more immediately than 
the constraints of weather or food-supply Competition 
between species includes not only the obvious inter- 
dependence of prey and predator (so that the fast zebra 
escapes the lion, the agile hon captures the zebra), but 
the much more devious cham of food-relations involving 
both plants and ammals, fluctuations in any hnk of which 
immediately affect the sunnval of all the other hnks. It 
also includes the direct competition between speaes for 
die supply of a hmitcd good, as of birds for territory or 
for much the same food. Any adaptive advantage then 
confers a transitory survival-value on the species possess- 
ing It, and m succcedmg generations there arise corre- 
sponding changes in the balance of specics-populations. 

-Finally, within the smgle speaes (includmg such slow- 
growing speaes as elephants) the reproduction-rate is 
enormous, far more mdividuals being bom than can 
possibly survive. Thus the individual oyster may lay 
BIX to nine million eggs, the ling twenty to llurty milhon 
^ single spawning. A lugh reproduedon-rate is 
an adaptive insurance for the speaes , but if the adapta- 



46 ADAPTATION AND NATURAL SELECTION 

tion IS too successful, if too many individuals survive, 
the end is defeated, and the survivors overstock their 
province to the pomt of starvation To restore equi- 
librium a great number must necessarily be killed off 
before matunty, and then take no part m evolution 

Many of the premature deaths arc no doubt “ aca- 
dental ” and random, but those mdividuals which survive 
continue to be subjected to competition with their 
fellows This may well be more mtense than the 
competition between species, smcc all of the one 
kind are concerned to get the same good thmgs 
(espeaally food, but also shelter and mates) The direct 
mterspecific struggle may be virtually non-existent for 
the smgle island species like the dodo of Mauritius 
(before man appeared), and among some of the larger 
mammals, like the elephant, polar bear, tiger, it may be 
negligible, except in infancy But competition within 
the speaes is universal it may even penetrate the 
umform protective environment of the mammahan 
womb, where the faster-growmg foetus may out-race 
and obhterate its weaker sib or twm. 

Compounded of physical and orgamc factors, the 
struggle for survival is thus an extremely complex pro- 
cess, not rcaddy resolved Its resul's are net results, 
success in the struggle bemg judged solely by the fact of 
survival to matunty Except m very small populations 
m which chance and random effects may achieve a special 
significance, there is a probabihty that the struggle will 
give some net relative advantage to those speaes or 
individual vanants which on the whole are better 
adapted to the environment than thar naghbours 
(This probabihty, bemg no more than a probabihty, an 
average expectation, does not necessarily ensure the • 
survival of any smgle mdividual however wcU adapted it 
may be Survival-value attaches only to samples m 
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bulk, and as between different varieties and species it is 
measured by the relative proportions of those which do 
m fact sur\nve ) In the result, there is a differential 
selection of kmds of orgamsms, and a consequent end- 
lessly changmg balance of numbers with advancing time. 

Tlus was the fundamental theoretical inference made 
by Darv'in in his explanation of the evolutionary process 
— an inference confirmed by all subsequent work. No 
matter how evolution proceeds, natural selection is an 
operative factor that cannot be neglected. In its 
mechamsm it is a passive filter, though m its results it 
has a more constructive role It ehminates the “ unfit,” 
those organisms msufficiently adapted, and then shows a 
preferred bias towards those surviving But it cannot 
mduce structural novelties for future selecuon, and thus 
cannot mitiate evolutionary lines. 

In any speaes the novelties arise only when mutation 
occurs, and sustained evolution is the cumulative pro- 
duct of a succession of mutations expressed in a selectively 
preferred series of mutants Most mutations are harmful 
or letlial (which is to say that they find the environment 
discouraging) But when the advantageously adapted 
mutant arises and stands a better chance of selection and 
reproduction than its fellows, it gradually permeates the 
species, replacing the “ old ” type at a rate depending on 
Its proportionate superiority and the periodicity of its 
occurrence (provided the size of the population m which 
It occurs is large enough to allow the laws of probability 
to apply) 

This picture of the action of natural selection on 
mutations, however, needs to be filled out by reference 
to die real conditions in large populations. A mutation 
IS usually change in a single gene Each mdividual 
gene-assodation contains thousands of genes, every one 
of which may (presumably) undergo mutation. The 
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number of genes in the germ-cells of a whole population 
may amount to bilhons Many mutations occurtmg m 
a great number of genes thus certainly happen m every 
generation, even though mutation-rate may be low 
Each mutation is not solely a change m a sohtary gene 
It influences and is itself influenced by the whole gene- 
complex m which It occurs Free interbrcedmg be- 
tween the members of a large population ensures endless 
change m the combmations and proportions of genetic 
factors m successive generations A smgle commumty 
IS consequently made up of a great variety of mdividual 
types, differing m slight and often subtle ways from one 
another, and meeting not preasely the same arcum- 
stances throughout all their hves 

Natural selection is thus not offered in any one speaes 
a simple clean-cut choice between the “ fit ” and the 
“ unfit,” but must discriminate (m large populations) 
between a host of variants displaymg mixed phenotypy 
through the mteraction .of a great number of genes and 
their mutations Its results are expressed in the changing 
proportions of mutants m successive populations In so 
far as selection determmes the frequencies with which 
different mutants survive, it hmits the random distnbu- 
tion of genes through a population, and so gives a pre- 
ferred direction to the hne of succession. In this sense it 
may be looked upon as an active participant in the evolu- 
tionary process — ^indeed, as the agent which decrees 
the course of evolution once the mutant types are 
provided 

The results of systematic selection ate statistical, and 
ensue only if the process operates m a suffiaently large 
breeding population (For mstance, one of the effects 
of changing the social environment durmg the past 
hundred years has been to increase the average expecta- 
tion of life m Britain from about forty-seven to rather 
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more than sixty years. This, of course, is a statement 
true only for a large enough sample of the population : 
It does not follow that a score of men may not by chance 
all die before reachmg thirty, or all hve to be eighty ) 
The more intense the pressure of natural selection, the 
smaller is the minimum size of population-sample in 
wluch Its effects are sigmficant and systematic, smce the 
less IS the environmental tolerance of variants departmg 
widely from the mean 

There are a few species which exist in very small 
numbers (for instance, the Chatham Island robm m 
twenty to forty pairs, the hzard Lacerta siwoni in perhaps 
sixty to eighty mdividuals on a rock loo yards square in 
the Canary Islands, the primrose CEnotheia or^amnsis m 
perhaps 300 plants in a few valleys in New Mexico), 
and m them selecuon may not be systematic, and random 
evolutionary “ drift ” may occur But the populations 
of most kmds of orgamsms ate very much larger than 
the mimmum for effective selection and directed evolu- 
tion, which may then be looked upon as the normal 
process. 
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CHAPTER. V 


EVOLUTION IN TIME THE FOSSIL RECORD 

G enetics is an essential part of evolutionary 
theory the analysis of the mechanism of heredity 
IS foundational to a proper understandmg of the 
material with which evolution works But the few 
brief generations of banana-flies and gumea-pigs and 
garden-peas that have been studied during the past half- 
century have disclosed no great evolutionary advances * 
the amount of genetical divergence as yet obtained by 
artificial selection and cross-breedmg hes wholly within 
the confines of the single species, and is merely an indica- 
tion, not a demonstration, of what may be inferred to 
have happened over many thousands of years Evolu- 
tion mvolves a prolonged time-sequence of forms 
Geology provides such a sequence covermg hundreds of 
milhons of years dunng which orgamsms now fossil 
were contmuously evolving It thus sets m true per- 
spective the results of genetical study 

Fossils, on the other hand, are dead, and although 
under very exceptional conditions of preservation they 
reveal mtimate cell structures — chromosomes are said 
to have been identified m the cell-nuclei of some early- 
Tertiary ^ fossil plants — they are not amenable to 
laboratory experiment on growth and development, and 
virtually nothmg is directly known of their genetic 
relations In compensation they provide a great number 
of mstances of lines of evolution m which the change in 
structure is not merely within the single species or from 

• A tabic of the geological eras and formations is given on page no 
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species to speaes, but covers an extended range from 
genus to genus, family to femily, even order to order, and 
occasionally class to class For mstance, the transition 
from goniatites to ammomtes, from fishes to amphibians, 
from reptiles to mammals, is known m fair detail Fossils 
thus provide evidence of the course of evolution. 
Genetics provides evidence on how it is to be mterpreted. 

The details of the evolutionary succession, however, 
are fragmentary. It is usually impossible for organisms 
lackmg a hard and durable skeleton to be preserved as 
fossils. Except as occasional impressions in very fine- 
grained mud, whole orders of mvertebrate ammals are 
Qius missing from the fossil record — for mstance, 
amceboid umccllular ammals, sea-anemones, jelly-fishes, 
worms Most plants also perish before fossihaation is 
possible, and only when they are buried under the relatively 
exceptional airless conditions of peat-formation are 
they found abundantly m the rocks. Thus few plant- 
remains of any kind have been discovered in the oldest 
fossihferous rocks, though clearly an abundance of 
trilobites, molluscs, and other marme ammals m the same 
rocks imphes a correspondmg abundance of plant-food 
at the time of rock-formation. 

A lack of skeletal hard parts may supply a reason why 
no c\’idcnce has yet been discovered of the origin of the 
major groups of ammals and plants. The fossil repre- 
sentatives of each group arc already fully differentiated 
when they first appear in the record, and the imphcation 
is that they must have had a long antecedent history. On 
the other hand, the negative evidence of absence has 
been taken by some Mendehans to mdicate a major break 
m evoluuonary contmmty, and they have postulated the 
occurrence of “ large ” mutations to explam the leaps 
from forms without to forms with a skeleton - 

DisconUnmty m the evolutionary succession may also 
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G enetics is nn essential part of evolutionary 
theory the anal j sis of the mechanism of heredity 
IS foundational to a proper understanding of the 
material with which evolution works But the few 
brief generations of banana-flics and guinea-pigs and 
garden-peas that have been studied during the past half- 
century have disclosed no great eaolutionary advances 
the amount of genciical divergence as \et obtained bj 
artificial selection and cross-breeding lies whollj within 
the confines of the single species, and is merely an indica- 
uon, not a demonstration, of a hat may be inferred to 
have happened o\cr manj thousands of jears Ea'olu- 
tion involves a prolonged timc-scqucncc of forms 
Geology provides such a sequence coa’cring hundreds of 
milhons of years during which organisms now fossil 
were conunuously evolving It thus sets in true per- 
spective the results of genctical stud} 

Fossils, on the other hand, arc dead, and although 
under very exceptional conditions of preservation the} 
reveal intimate cell structures — chromosomes arc said 
to have been identified m the cell-nuclei of some carl}- 
Teruary ^ fossil plants — they are not amenable to 
laboratory experiment on growth and development, and 
virtually nothing is directly known of their genetic 
relations In compensation they pro\ ide a great number 
of instances of hnes of evolution in wluch the change in 
structure is not merely within the single species or from 

^ A table of the geological etas and formations is given on page izo 

50 



EVOLUTION IN TDIE' THE FOSSIL BEC05D 5: 

species to species, but covers an extended range feom 
genus to genus, femiiy to fenuly, even order to order, and 
occasionally class to class. For instance, die ttaasldon 
from gomames to ammonites, from fishes to amphibians, 
from reptiles to mammals, is knosen in Hr detalL Fossils 
thus provide endence of the course of evolution. 
Genetics provides evidence on hour it is to be interpreted. 

The details of the evolutionary succession, ho—ever. 
are fragmentary It is usually impossible for organisms 
lacking a hard and durable skeleton to be preserved as 
fossds. Except as occasional impressions in verr fine- 
grained mud, whole orders of invertebrate anim'pk 
thus missmg from the fossil record— for instancy 
ammbotd unicellular animals, -sea-anemones, jehv-fishes, 
worms Most plants also peosh before fbssilration is 
possible, and only when they are buried under the lektirelv 
^cepuonri rirless conditions of peat-formauon are 
they found abundantly m the rocks Thus few plaat- 
remams of any kind have been discovered in the Sdest 
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than the younger geologically recent evolutionary 
senes arc consequent!) more nmpl) documcntctl than 
geologically ancient Since plants arc fossili7cd in 
abundance only when the) are protected from complete 
decay on death, tiicy arc prcscrv'cd most often under the 
conditions of peat-formation ancient peats arc not 
widely represented in the geological record, except in the 
group of strata known as the Coal Measures it there- 
fore happens that fossil plants of Carboniferous age arc 
on the whole more completely know n than any before or 
since The w estern part of North America was an area 
of accumulation of widespread lake and river deposits 
during the Tertiary era (the last sixtv million vears or so) 
the evolution of mammals is consequently far better 
known (as yet) from the fossils of that continent than 
of any other part of the w orld 

Nevertheless, the incompleteness and bias in the fossil 
record arc dad) being reduced, and the course of cvolu- 
uon IS now’ broadly Imown for most groups of ammals 
and for a number of groups of plants In some well 
prcscrv’cd fossil senes the stages of successive change 
arc minutely revealed in an abundance of matenal, and 
allow thorough analysis of the mode of cv’oluuon In- 
aced, what can at present be said with com iction on the 
long-term evolution of organic groups higher than die 
species is almost enurely based on the evidence provided 
by such series 

A very few fossil tyqies appear to have survived almost 
unchanged for several hundred million years the 
present-day lamp-shell L,iiigtila is very' hkc specimens of 
the genus found in rocks of Ordoviaan age (Fig 5), 
and typical oysters differing only trivially m shell-form 
from those hving today are found fossil in rocks deposited 
180 mdiron years ago In most eases, however, 
successive generations of fossils constituting an evolu- 
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aonary sequence show marked changes in form as they 
ascend the time-scale. For instance, the molluscan group 
to which die hving pearly nautilus and its kin belong is a 
long-hved one, members of which are known from the 
earliest fossiUferous rocks Durmg the Lower Paltcozoic 
era, some 500 to 300 milhon years ago, it was tjqucally 
represented by comcal shells more or less loosely coiled 
into a plane spiral with mternal partitions of gently 
concave form dividmg the shell into chambers In the 
succeeding Upper Palaiozoic era, some 300 to zoo miUion 
years ago, the typical members of the group were the 
goniatitcs, tightly coiled forms with sharply corrugated 
internal partiaons They were succeeded in Mesozoic 
times, 200 to 60 milhon years ago, by the ammomtes, 
which became so abundant that the era is sometimes 
known as the Age of Ammomtes Still more elaborate 
than the gomatitcs, ammomtes have a shell with ornament 
of ribs, nodes, and tubercles, and with complexly frilled 
and contorted mternal parutions (Fig 3) 

A very dilferent group of animals — the graptohtes — 
IS now wholly extmet, mdeed it did not survive Palseozoic 
times; but it illustrates comparable changes m form 
The group was colomal, each indi\’idual hvmg m a small 
skeletal cup connected with neighbourmg cups arranged 
m Imcar rows. The earliest colomes consisted of a large 
number of brandies radiatmg from the imtial parental 
mdividual, with a smglc row of simple comcal cups 
extending along each branch. In later forms there was 
progressive simphfication of the branchmg, but pro- 
gressive elaborauon of cup-form. The number of 
branches was reduced first to eight and four, and then to 
two, and finally to one (though there were some digres- 
sions from the fine of simple reduction). In evolution 
the cups m some forms became square-cut, m others 
hooked, in others bell-shaped, in yet others elongate and 
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tubular, there being a number of divergent lines of cv'olu- 
tion in cup-shape which can be followed in some detail 
from forms with simple to forms with complex cups 
0\ cr much of the record the timc-scqucncc is v cr)’ closely 
reflected in the fossil succession, so that the several 
cvolutionarj' stages can be used for ver) precise dating of 
the rocks in which thc\ arc found (fig 5) 

A third group of animals — the sea-urchins — is nearly 
as long-li\ cd as the molluscs. The earliest repre- 
sentatives arc known from Ordovician rocks, and 
members of the group still exist in large numbers The) 
possess a more or less globular skeleton, consisting of 
ver) mam plates fitted together in a mosaic In modem 
forms the mosaic has a high degree of sjmmetrj, wath 
the plates arranged on a radial fivc-rajcd plan, but tlic 
sjmmctry was imperfect in Palatozoic times, which may 
be considered a period when the group was slow’ly 
acquiring its most successful basic form In later eras, 
particularly during the Mesozoic, stages in progrcssiv'c 
adaptation to different environments arc clearly shown in 
the fossil succession Those sea-urchins which, like 
the present-day edible urchin, conUnued ro hvc on the 
rocky sea-floor retamed the radial symmetry and the 
large predatory jaw's of their ancestors, and developed a 
great variety of long thick protective spines But those 
entering as sand- and mud-burrow'crs the novel cn\ iron- 
ment of the soft sea-floor evolved by losing the radial 
symmetry as front end became differentiated from 
hind their skeletal plates became thin and dchcatc, and 
their spines hair-hke, and they exchanged a predatory for 
a mud-catmg habit, w'lth a consequent loss of jaw's. 
The stages of the passage from a sub-globular shape to a 
heart-shape arc wrcll preserved in the rocks of the 
Jurassic and Cretaceous formations, species showing 
various degrees of loss of radial symmetry and of jaw- 
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Structure forming connecting link s between the ancestral 
tegular and the descendant irregular forms 

Among the plants, evolutionary details are not so 
fiiUy known, but the primitive land-forms of the Old Red 
Sandstone show a progression m structure from leafless 
and rootless types to the large arborescent “ tree-mosses ” 
which reached their maximum development in the 
succeeding Carboniferous period The conifers appear 
to have ansen m late Carboniferous times, possibly &om 
forms already present m the Old Red Sandstone Most 
Palaeozoic and Mesozoic plants had naked seeds, but the 
Caytomales (a small group of Jurassic forms m other 
respects gymnospermous and thus comparable with the 
conifers) possessed seeds enclosed m seed-cases they 
may thus represent a hnk with the most advanced plant 
group, the angiosperms or flowermg plants The 
Tertiary era was marked by great advances in the 
angiosperms, particularly important to animal economy 
bemg the spread of the grasses which allowed a vast 
number of Tertiary herbivorous mammals to evolve and 
flounsh 

These examples of evolutionary development are not 
always readily related to environmental controls, partly 
because the skeletal adaptations and exact modes of life 
of fossil forms are not always determinable, partly because 
the full environmental context of fossil species is largely 
unknown Nevertheless, there is strong mdirect evi- 
dence that secular geological changes are a powerful 
influence on the mode of evolution, and at least one 
major event m Earth-history of violent environmental 
change appears to have had immediate and drastic con- 
sequences on plant and ammal life, and to have been a 
cause both of widespread extinction of previously 
“ successful ” “ old ” types and of great evolutionary 
stimulus to “ new ” 
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This occurred m the interval of transition between 
PaliEozoic and Mesozoic times, when there was locally 
mtense mountain-buildmg, accompanied by radical 
changes m land-and-sea relationships. The geographical 
revolution was paralleled by great climatic oscillations ! 
widespread desert and semi-desert conditions are repre- 
sented in the contemporaneous strata by red beds, and 
glaaal conditions by moraimc boulder-beds The 
geographical revolution appears to have been world- 
wide, and mevitably to have had profound effects on 
organic hfc 

Most groups flourishing in numbers and kinds during 
the Palaeozoic era suffered great diminution, some bemg 
completely exterminated , and the renewed evolutionary 
expansion of the sunnvmg groups durmg the Mesozoic 
occurred from nuclear stocks which m many cases had 
occupied msigmficant positions m Palaeozoic times. 
This crisis in evolutionary history is notably expressed 
in the fossil remains of trilobites, corals, sea-urchins and 
their km, molluscs, lamp-shells, and sea-mats among the 
commoner kmds of mvertebrate ammals, and among 
the vertebrates it marks the change from the Upper 
palaeozoic Age of Amphibians to the Mesozoic Age of 
Reptiles — only two msigmficant amphibian groups 
(frogs and newts) surviving to later times m appreciable 
numbers Among the plants there was a great dechne 
m the dominant group of the seed-bearmg fern-hke 
'ptendosperms, and a replacement of them by cycads and 
primitive conifers It is a fair mterpretation that the 
matenal conditions of the environment were mainly 
responsible durmg the period for the profound evolu- 
tionary effects 

Adaptation m the vertebrates is more readily ascer- 
tamed from anatomical structure than m the mverte- 
brates. Thus the rise of land animals, mvolving the 
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hind paddles that could have achieved only slow speeds 
The fish-hzatds (ichthyosaurs), on the other hand, 
evolved a fully developed fish form, with degenerate 
hind hmbs, fin-hke fore hmbs (see Fig i, page 1 3), and an 
expanded fleshy tad for sculling presumably they 
were open-sea, fast-swimming creatures hke the present- 
day dolptuns and porpoises 

Oppormnity for this evolutionary activity and wide 
dispersion seems to have come with the great geo- 
graphical changes that took place at the end of Palceoaoic 
times, when the reptdes found themselves with what 
were virtually unu^abited contments awaiting their 
occupation They entered most of the major adaptive 
mches available to them, though there is no indication 
in their tooth-structure that they were ever at home in 
grassland country 

Mammal-hke reptiles appeared at the end of Pakeozoic 
times, and occasional fossils of small, marsupial-hke 
mammals ate found in the Mesozoic rocks But the 
reptiles remamed the dominant land animals throughout 
Mesozoic times (that is, for some 1 20 mflhon years), and 
under such dominance the mammals could make httle 
evolutionary advance At the end of that era, how- 
ever, most of the major femihes of reptiles died out, 
and those which persisted were gready reduced in 
numbers 

Durmg the Tertiary era their place was taken by the 
mammals, which show improvements on reptihan 
structure notably in the size of bram, the mechanics of 
hmb-formation, and the specialization of the teeth, 
but m broad outhne they paralleled the reptiles in their 
adaptation to the different environments open to their 
occupation The whales and the dolphins are the aquatic 
counterparts of the fish-lizards, and display a similar 
atrophy of the hmd hmbs, encasement of the much- 
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shortened flippcr-like fore limbs m leathery skin, and 
expanded fleshy tail The bats (which, however, truly 
fly) simulate the pterodactyls in wmg-form, though 
there arc differences m strut-construction, aU four 
fingers m the bats partiapating in support of the skm- 
fold. The rhmoceroses closely reflect the homed 
dmosaurs in general build, and the kangaroos have a 
heavy balancing tail hke that of many of the bipedal 
dmosaurs. The parallelism is, of course, not precise, 
and there are no mammahan equivalents of the bronto- 
saurs or the tyrannosaurs or the birds, and no reptihan 
equivalents of the horses or the cats or the primates 
But the broad fact of adaptive radiation is recurrent in 
the two vertebrate classes, and m similar environments 
similar forms were evolved 

Durmg Tertiary times the distribution of contments 
and oceans was m fundamental plan much as it is today. 
The Old World formed a self-contamed unit more or less 
freely open to mammahan migrauon It was, however, 
not completely severed from North America, and there 
was for most of the era a wide land-bridge in the region 
of the Behnng Straits which allowed a common range to 
such Old-World and New-World forms as horses, 
elephants, oxen, camels, deer, cats, wolves, and bears 
Austraha, on the other hand, seems to have been isolated 
by a sea barrier from at least the end of Mesozoic days , 
and South America was only mtermittently connected 
with North America by the narrow land-bridge of the 
Panama istlimus Thus three contmental regions be- 
came more or less mdependent centres of mammahan 
evolutionar}' radiation. The marsupials of Austraha 
arc the most exceptional, but strange kinds of animals 
are also common (and formerly, as fossils reveal, were 
even more common) in South America The differences 
between the three regions strongly imply if they do not 
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prove that evolution ,15 dependent on local arcumstances 
for the course tt follows 

At the same time, there are close adapnve similarities 
between the forms from the three major regions which 
are even more reveahng m the light they throw on 
evolutionary processes In North America and the 
Old World the placental mammals display a broad 
dichotomy m descent from their late-Mesozoic ancestors 
carnivorous forms with powerful stabbmg and shearmg 
teeth are distmgmshed from herbivorous forms with 
cutting and grmding teeth In subsidiary detail, the 
carmvores show evolutionary branching mto dog-hke 
and bear-like forms, cat-hke forms, stoat-hke forms, 
whose general modes of hfe differ in more or less degree 
It is highly sigmficant that m the absence of competition 
with placental mammals, one hne of Austrahan marsupial 
evolution led to the thylacme (the Tasmaman wolf), 
which IS almost the precise eqmvalent of the dogs, and 
another to the koala, which is almost the preasc eqmva- 
lent of the true bears, while duimg mid-Tertiary times 
m South America marsupial eqmvalents of the stoat 
family were not uncommon 

Similarly, the placental herbivores (most of which 
arc hooved) show considerable evolutionary differentia- 
tion mto a great number of groups in the Old World 
and North America , while forms havmg no near relation- 
ship were evolvmg mdigenously m Austraha'and South 
America along subparallel Imcs to give end-forms dis- 
playmg astomshmg similanties to the placental mammals 
m general outward build Notably, m South America 
some of the extmet htopterns m their three-toed and one- 
toed limbs were closely kke the true horses to the north 
Fig 5, page 73), the macrauchcimds were three-toed 
dry-grassland creatures hke the two-toed camels m 
build, the toxodonts were massive and rhmoceros-like , 
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and the astrapoiheres had long masor-tusks and a short 
trunk, giving them an appearance like that of primitive 
elephants 

Such parallel senes in independently evolving and 
isolated groups of mammals provide convincing evi- 
dence of the control of environmental selection on Imes 
of evolutionary’ development . in similar circumstances 
similar forms arc evolved At the same time, too 
sweeping conclusions should not be drawn from the 
similarities, for the parallehsm is always mexact in 
detail, and the preasc plan of evolutionary change is not 
repeated m the separate groups Tlie adaptive response 
of the orgamsms must therefore be referred to the selec- 
tion of mutants (and so of gene-associations) which were 
randomly different m the different areas, and not to 
antiapatory pre-adaptation in the various stocks 
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f~n \HE general sequence of fossils m the sedimentary 
rocks provides an outline picture of the course of 
_iL evolution that is effective proof of the reahty of 
the process The mterpretation of the changes in tunc, 
particularly as they arc displayed by the vertebrates, is 
one which ascribes a central place to the role of adapta- 
tion m promoting evolution The sequence, however, 
is a general one, and gives no mdication of evolutionary 
mode, evidence of which is mainly provided by short 
segments of fossd senes which happen to be unusually 
complete and well preserved 
A suffiaently large collection of fossils of any one 
organic group may usually be arranged m series showmg 
progressive gradmg m structure. But such gradmg is m 
Itself no direct evidence of evolution, still less is it an 
mdication of the mode of evolution, unless the graded 
senes consists of forms arranged m true time-sequence 
and can reasonably be supposed to be made up of 
members related m hereditary ouccession. The condi- 
tions of formation and preservation of sedimentary rocks 
and the circumstances of orgamc migration usually 
preclude the discovery of such senes, and they are m 
feet uncommon , but those which have been examined m 
suffiaent detail are consistent m the conclusions they 
suggest, and they may be regarded as acceptable samples 
of the mode of evolution 

The Chalk of southern England happens to be a deposit 
Singularly uniform m hthological character, the uni- 
formity presumably mdicating a general sameness of 

es 
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conditions persisting during the time of its formation. 
It IS about looo feet thick, and took perhaps 20 million 
years to accumulate. It contams fossils of certain 
orgamc groups, notably the sea-urchin Micrasier, which 
found the Qialk environment congenial throughout the 
period of sedimentation, and are leprcsented fairly 
abundantly at many levels m the sequence of strata It 
thus provides materials for the estabhshment of detailed 
evolutionary scries Systematic coUeclion from succes- 
sive layers yields speamens, the earliest at the base, the 
latest at the top, which are m true time-sequence and thus 
represent successive generations If they are suffiaently 
like in structure to be regarded as belongmg to a single 
group, tliey may be presumed to fall on a kne of evolu- 
tion and to represent a true racial or phylogenetic 
sequence, a hneage. 

The work of collection was carried out by Rowe at the 
end of last century, when he showed that a senes of 
micrasters arranged m true time-order provided a chain 
of what Darwin called “ mtermediate hnks ” displaying 
complete gradation between the earhest and the latest 
members. There is a notable difference m shape, in 
ornament, m position of the mouth, m proportions, 
between the end-forms, and the difference (which is 
comparable with that occuxrmg between some hving 
speacs of sea-urchins) is usually considered to justify 
their bemg placed in different species. But the connect- 
ing series between them can he graded to any desired 
degree of fineness : the slightest recognizable differences 
between two speamens (collected perhaps only inches 
apart) may be bridged by the finding of an mtermediate 
form adding another link The transition from link to 
link may thus be rendered so perfect that naghbouring 
transients arc virtually mdistmguishablc Though the 
end-forms may thus belong to different species, at no 
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point in the stratal sequence is it possible to demarcate 
one species from the other, referrmg all forms below a 
given level to the earher speaes, and all above to the 
later 

There is consequently nothmg mtrmsically natural 
about the recogmtion and na min g of species m this 
evolutionary hne On the contrary, natural divisions 
are wholly lacking, and the contmmty of the mergmg 
transient members of the evolutionary series is complete. 
The transformation of “ speaes ” m time takes place 
without the &mtest suggestion of mterspeafic breaks at 
any stage m the process, and a speaes m such a fossil 
sequence can thus only be arbitrarily defined, having no 
real entity 

The same essential relations are displayed by numbers 
of other and unrelated fossil senes — kivalved molluscs, 
snails, corals, lamp-shells Lineages of this sort, 
preserved m varymg degrees of completeness, are 
probably of general occurrence at least among most 
groups of ammals They reveal, however, only part of 
the course of evolution, smee they are linear and succes- 
sional A great number of phylogenetic hnes, on the 
other hand, become forked and give nse to divergent 
off-shoots having only collateral relationship, and 
representation of the evolutionary connections takes the 
form of the customary branchmg tree 

Among the spire-bearmg lamp-shells of the Carboni- 
ferous rocks, for example, is a seaes (belongmg to the 
genus Keticularm) showing progressive elaboration of 
shell-form. The most primitive members are sub- 
circular in outhne, with unfolded margins where the two 
valves of tlic shell meet More advanced members 
tend to become proportionately broader and to develop 
phcations along the shell margm What may be re- 
garded as the mam hne of evolution consists of forms 
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which combine both features in the line of progress, 
and culminate m very broad, highly pheate forms From 
this mam line two others diverge. One side-branch 
consists of forms which become very broad while remam- 
ing feebly pheate, the other side-branch of forms which 
become strongly pheate, while remaimng narrow The 
evolutionary divergence is therefore not one of sharp 
quahtative contrast— the three branches all possess the 
same essential characters — but only one of relative 
degree of development m the different characters “(Fig 4) 

Divergent evolution by the forking of lineages is 
almost umvcrsal. Where the evidence is reasonably 
adequate, the transition m branching senes appears to be 
as perfect as m the micrasters, and there is never any 
positive evidence of discontmuity The branchmg is 
therefore an expression of differential and independent 
rates of evoluuonary change m individual structural 
characters There is no direct evidence of the inffueime 
of genetic controls on the process of divergence, but the 
phenotypic contrasts between the divergent forms must 
presumably rest in genotypic differences resultmg from 
mutation. The mutant genes causing the differences 
then appear to operate by changing the relative rates of 
growth of different parts of the body. 

Such an interpretation is m accord with what is known 
to have taken place m mammahan evolution durmg 
Tertiary times The adaptive radiation which char- 
acterized almost all the groups of mammals is one in 
which divergent branches arising in a number of central 
stocks differ mainly in degree of character expression, 
accordmg to the nature of the environmental niches to 
which they became adapted. All the members of the 
elephant family, for example, display evolution by an 
increase in the length of tlic snout to form a trunk and of 
tlic incisor teeth to form tusks, and by elaboration of the 
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Fig 



4 ^Dircrgcnt crolution In KtUettlana The central senes illus- 
trates the main line of evolutiofa. The ofT-shoot on the neht dii- 
l^ys on increase in the growth-rate of breadth, the off-shoot on the 
lett incrc^ in the growth-rate of the marginal phcation, as com- 
pared with the mam line or. 
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cheek-teclh for mastication. The adaptations are partly 
related to the assumption in early Tertiary times of a 
forcst-dwelhng habit by the ancestral elephants, the 
trunk bemg used for tearing vegetable food and carrymg 
It to the mouth, the tusks for diggmg A forest diet is 
fairly succulent, and the cheek-teeth in such an environ- 
raent remain relatively simple, with only a few cross- 
ndges on the grmding surface. The mastodons, which 
became extinct only m geologically recent days, con- 
tinued to inhabit forests, and so to retain tlie relatively 
pnmitivc molar tooth-form. The elephants proper, 
however, diverged in late Tertiary times by migrating 
mto bush and savannah country, there partly to become 
grazers, and tlieir molar teeth developed a complex 
gonding surface of a great number of deeply infolded 
cross-ridgcs. Thus while there is no fundamental 
structural difference between the two groups (the 
elephants proper mdecd havmg had nustodon-like 
ancestors), the divergence is pardy expressed m differ- 
ential development of tooth-elements 
An illuminating mstance of branching evolution is 
provided by the primitive horses, of which several 
divergent hnes are known It is a commonplace that 
during Tertiary times the horses evolved by a progressive 
reduction m the number of functional toes and by elabora- 
tion of the structure of the teeth In part this followed 
from an adaptive change m mode of life, a grassland 
environment demandmg powers of fast locomotion and 
strong mastication. Some horses remamed forest or 
woodland dwellers until a late date m the Tertiary era, 
however, and as three-toed browsers they were con- 
temporaneous with the one-toed grazers. The browsers 
thus remained “ primitive in the pattern of their foot- 
structure and dieir molar teeth, and in at least one branch 
there persisted throughout the evolutionary senes an 
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almost static relationship between the growth-rates of the 
several bones of the foot and of some of the tooth-cusps 
From this senes, however, there diverged at an eady 
Tertiary date a branch leadmg towards grazing forms 
(mcludmg the modem horses), m which divergence is 
marked less by anatomical contrast m foot-structure and 
tooth-pattern (though that is achieved m the end-forms) 
than by a change in the relative growth-rates of the several ' 
bones and tooth-cusps The change of growth-rates 
was abmpt (without, however, breaking the perfect 
gradmg of the series of structural changes), and imphes 
the occurrence of environmentally selected Mendelian 
mutants (Fig 5) 

A hue of evolution, a lineage, may be convemently 
apprehended and partly analysed by supposing it to 
consist of a senes of mtergrading transients showing 
contmuous change of structure with time. But this is 
an idealized simphfication of the true relations between 
successive generauons An individual transient, a 
smgle " mtermediate link,” is almost never wholly repre- 
sentative of the community of which it is a member, 
smce It is m the highest degree improbable that any 
commumty, however narrowly localized, should consist 
of a number of mdividuals either phenotypically or 
genotypically identical In feet, fossil commumties 
display the same kinds of contemporaneous variation as 
hving (compare Fig z, page 34) , and the nature of the 
hneage is obscured by supposmg it to consist of a 
succession of phenotypic forms all displaymg steadily 
progressive development m aU characters 

Any one generation m a commumty is not usually the 
offsprmg of a single parent, or even of one kmd of 
parent ; on the whole, there are as many genotypically 
mixed lands of parents as there are offspring teaching 
maturity Moreover, m a freely mterbreeding com- 
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muQity ancestors and descendants increase in number 
geometrically with distance apart (m time) of the genera- 
tions, and a phylogenetic series is better represented by 
an mtneate network, a plexus, of genealogical threads 
than by a single Ime It is qmte impossible that any 
collection of fossils, however l^gc m number and how- 
ever strictly localiaed, should yield identifiable parents 
and offspring at best, any two specimens from such a 
collection are m no more than collateral relationship 
An analysis of kmship m fossil evolution must thus be 
m terms of the hnks between whole generation-groups 
That is, evoluuon is best regarded as bulk change m 
whole commumties 

Fossil oysters from the Jurassic rocks provide a well 
documented illustration of commumty-cvolution True- 
man has shown that they fell mto a hneage m which 
there is progressive coiling of the left valve from the 
earhest forms, nearly flat hke hvmg oysters, to the latest, 
incurved through a whorl or more. The evolutionary 
changes are probably closely related to changes m mode 
of life from a rocky to a muddy environment, the flat 
forms usually havmg a large, the curved forms a small, 
area of attachment Evolution in these molluscs is 
marked (as m the Qialk sea-urchms) by the usual 
sequence of mergmg mtergrades, which can be arranged 
as a continuous senes of transients showmg mcrcasing 
curvature Moreover, the latest members of the senes . 
are so different m appearance from the earliest that they 
arc considered to belong not merely to different species 
but to different genera (speacs of the flat forms bemg 
referred to the genus Ostrea, of the meurved forms to 
Grypbesd) As m the sea-urchins, however, the distinc- 
tions between the speaes (and genera) are arbitrary, 
de finin g a vague conception rather than a reahty 

Variation among the mdividuals m one stratal layer 
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Tncutvalnre in decrees of left s-alve of shell 

^ — Cotnmunity-CToluuon in 


, j “• lurassic (Liassic) oysters 

popubucm-samplc is represented by a vanation-graph hkc those of 
« * r ‘"curving of the shell is shown by the shifting 

«ach community contains forms having 
^ mcurvalute, as the insct-diagiams lUustait® 

of the latest commum^ is notably skew, and may indicate 
tncrcssing selection-pressure leading to cstmcaon 
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IS Wide, and a typical community is composed of a 
mixture of forms not all of which are m the same stage of 
evolutionary advancement The variation is continuous 
m kmd there is a preponderance m any one community 
of forms of more or less the same degree of mcurvature, 
but with them are found (m decreasmg proportion 
towards the extremes) some almost flat forms side by 
side with others closely coiled It is possible to define 
each separate commumty by the average degree of coihng 
of Its constiment members, and to represent the variation 
by graphical devices to illustrate the amount of de- 
parmre from the average shown by variant members of 
the commumty When this is done, the evolutionary 
mode in the full succession of commumties is revealed 
m a systematic shift of the norms m the direction of 
mcreased coiling, and the over-all impression is agam 
one of continuous transition throughout the graded 
series (Fig 6) 

Manifestly, however, this is not a series composed of 
a simple cham of mdividual " mtermediate links ” In 
any one commumty the sohtary mdividual may he near 
the norm, or it may be flatter than the norm, or it may be 
more curved than the norm In an earher generation 
Its direct and collateral ancestors may similarly have been 
rmxed some near the norm of their commumty, some 
flatter, some more meurved Smee the variation is 
contmuous, presumably all the members of a particular 
commumty could fteely mterbreed It is highly im- 
probable, therefore, that an unusually fiat oyster m one 
commumty was consistently m direct descent from flat 
oysters m earher commumties, or had consistently flat 
descendants m later commumties On the contrary, the 
individual oyster is no more than an madental pomt of 
convergence in a vast plexus of lines of evolutionary 
relationship, every ancestor and every descendant m 
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which are the products of almost completely randoru 
parentage, and mclude m their genealogy forms ot 
various degrees of incurvature If selected ancestors 
were more incurved, evolution would appear to be 
retrogressive ; if less incurved, to be progressive 

An individual, moreover, does not consist of a single 
character, but is compounded of a host of characters 
integrated to form the whole organism. In any com- _ 
munity the possible combinations of structural elements 
may be enormous when there is free interbreeding For 
mstance, the rocks of the Coal Measures accumulated 
under &esh-water or brackish conditions in which 
mussels of various kinds flourished A time-sequence 
of the molluscs displays hues of evolution of the usual 
serial kind, marked by a number of clianges in shell- 
shape, The shells may mcrease m length, or become 
deeper, or develop a pronainent cross-keel, or become 
sharply acute at one end, or show a migration of the apex 
towards anterior or posterior Most of these analytic- 
ally separate characters seem also to be mdependent m 
hereditary assortment, so that an individual mussel may 
appear to be precoaous in some respects, primitive in 
others In hkc manner, its ancestors or its descendants 
in any given stratum may show similar contrasts m char- 
acter-expression, but It IS highly improbable that they 
will do so to the same degree m the same characters 
A representation of evolution in the form of a Imear 
graded scries of individuals, even should they be m 
proper time-order, is thus partial and imperfect. The 
evolutionary' stages are truly represented only in bulk 
samples of successive commumties, and are deter- 
minable m detail only when commumty clusters are 
followed m chronological sequence. When this is done 
the course of evolution is revealed as being highly m- 
Tticatc. It IS mulu-dimcnsional, and has a weaving 
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plasticity much like the fluctuating balance of mixed 
variants displayed m genetical eiqieriment by successive 
generations of hybrid commumties 
In most of the mstances of commumty evolution so far 
studied the overlap m variation-range between the 
carhest and the latest commumties of the known series is 
small or ml, and the marked phenotypic contrasts 
betweai them presumably imply that the most primitive 
and the most advanced members could not have inter- 
bred (had they been contemporaries) Such sterility 
could be the product only of genetic change The mode 
of evolution thus appears as a succession of small gene- 
mutations, with phenotypic variation at any one stage 
having a range sufficiently wide to submerge the abrupt- 
ness of inttmsic mutant differences 
This analysis of the kind of evolution exhibited by 
fossil senes emphasizes the artfficiahty of much biologic^ 
classification The vanation-ranges of two widely 
separated communities m an evolutionary series may 
mdicate qmte clearly that they belong to different groups , 
but the vanation-range of an mtermcdiatc commumty 
may well overlap that of the carher on the one hand and 
of the later on the other (as m the oysters dlusttated m 
Ftg- 6) Two of Its variant members, therefore, mutually 
mterfertile but at opposite pcriphenes of the field of 
variation, may be mdistinguishable m outward form, the 
one from members of the earher group, the other from 
members of the later group If the groups are con- 
sidered to belong to different species, the isolated in- 
dividual judged solely on its form might justifiably be 
ascribed to more than one species Only when it is seen m 
a context of its fellows is the speacs of which it is truly 
a member identifiable, for the nature of the species hes 
^ collective assoaation of its constituent vanants 
e genus has even less claim to be regarded as 
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objectively real tlian the species It is a category of 
convenience A theoretical complete hneage, such as 
that of the Jurassic oysters, i splays a transformation of 
species that allows no natural generic subdivision Thus 
the genera Ostrea and Gtyphaa completely mtergrade, 
and at the stage in the senes where the one supposedly 
gives place to the other there is a separation of scarcely 
distinguishable communiues Nevertheless, the genus, 
though not a real entity, may be a real convemence, and 
conventional defimdon may set objective limits to each 
genus as precise as those of a calcndarial century or a 
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EVOLUTION IN SPACE GEOGRAPHICAL 
SPECIES 

A SPECIES, howevet small m niombers, has some 
range m space. Environmental influences cannot 
therefore be preasciy identical for all the separate 
individuals beJongmg to it, and they inevitably display a 
degree of phenotypic (mduding genotypic) variation. 
Nevertheless, so long as all its members freely interbreed, 
the genc-mterchange ausmg through Mendelian assort- 
ment and recombination effectively prohibits fragmenta- 
tion of the species, which contmues to be a umty Over 
a prolonged mterval of time there may then arise (through 
cumulative mutation) a developmental senes of succes- 
sional forms of the kmd exhibited by fossils, but there 
cannot be divergent evolution 
A spcaes — especially one large in numbers or of low 
population density — usually, however, has an extended 
geographical range greatly exceeding the range of 
individual wandering The potential freedom of the 
individual members of the species to breed indiscrimin- 
ately may then cease to be an actual freedom That is, 
continuity in space of a large population is not adequate 
assurance or evidence of completely random mating 
Thus the domestic habits and small size of the individual 
field-mouse scarcely allow it to roam over more than a 
few acres of its fuU-speaes range m a smgle lifetime, 
and the commumty of neighbours which it is ever 
hkely to meet is m fact very much smaller than the 
total potential freely interbreedmg population So a 

8o 
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Londoner will more probably marry a Londoner than a 
Glaswegian 

A wide-ranging or migratory species Uke the bison 
or the locust or the cod has correspondingly greater 
opportumties for mdiscriminate mating, but even so, 
there are varymg probabdities of encounter between 
individuals in different parts of the range, and the 
penpheral wanderers wiU always remam strangers. 
Moreover, there are psychological and other restrictive 
controls on random mating that m many instances 
prohibit even strongly migratory species, congregatmg 
m huge flocks or herds, from full interbreeding Thus 
migrant birds frequently have the habit of nestmg m the 
same locahty in successive years, and are self-restrictive 
in the size of population m which sexual selection can 
operate, and this degree of mbrecdmg lends to bring 
about a measure of genotypic uniformity A comparable 
tendency for seals to return to favoured islands durmg 
thebreedmg season, and for salmon to return to the fa trul y 
stream for spawmng, has a similar result 

Among mvertebrate ammals, cspcaally those hvmg 
in the sea, free interbreeding is facihtated both by the 
enormous numbers of eggs laid and by the dispersal of the 
floating eggs and larva: (and often floatmg adults) over 
vast distances by currents But the great majority of 
species of such orgamsms have a greater range than 
the probable dispersal range of mdividuals, and the 
chances of mterbreedmg are dependent on relative 
proxunity 

Because of this disparity between individual range 
and full species-range, there ceases to be thorough mixing 
of genes in successive generations, and local groups, 
though merging impcrccpubly mto one another, tend to 
arise through partial isolation The ensuing inbreeding 
and rcducuon of free gene-flow cause gcnotjpic differ- 
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ences to be established between the groups by differential 
selection The greater the total range of the species in 
relation to the individual range of its separate members, 
the greater are hkcly to be the effective environmental 
differences between the remoter parts of the range 
Correspondingly, there are greater divergences m 
selective preference Even with low mutation rates, 
sooner or later there emerge local races (geographical 
races, “ elementary speaes ”) differing from one 
another more or less radically the parental speaes 
begms to display subdivision mto subspeaes This 
IS known as differentiation by distance, or sub- 
speciation 

A first stage m the process is one m which the difference 
between local races is revealed m the systematic replace- 
ment of a smgle gene by a mutation over the speaes 
range Thus the guillemot exists m two forms — the 
btified with a rmg of white feathers roimd the eye, and 
the non-bridled without the ring — the appearance of 
which IS controlled by a smgle pair of alternative genes 
Part of the range of the speaes runs along the coasts of 
north-western Europe, where the proportion of the 
bridled forms is alinost ml m southern England but 
mcreases systematically northwards to about Z5 per cent 
m Shetland and to over 50 per cent m Iceland There is 
a similar progressive replacement of the grey-and-black 
hooded crow by the black carrion crow as the range is 
followed southwards from the Scottish Highlands mto 
England 

The beetle Carabtis mmoralis offers a more complex 
illustration of the same sort of systematic gemc replace- 
ment m apparent physiologically adaptive response to the 
environment The graded conditions preferred by the 
different geographical races of the beetle m Germany and 
Prance are as follows — 
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Optimum Temperature . "C. 


Dresden 

26 I 

Rhone mountains 

27-1 

Munster 

27 9 

Coblentz 

29 3 

Pans 

294 

Olargues (southern France) 

297 


—a relationship that reflects the climatic gradient m 
V7Cstern Europe. 

A later stage is one in avhich the differences between 
neighbouring communities arc trifling and are limited to 
a few genes and their mutant forms, while more distantly 
lemovcd commumties differ in a more or less consider- 
able number of geme elements The whole species 
then consists of an intergrading senes of local races dis- 
playing gradual change in genotype from one end of the 
range to the other, wlule still remaimng a smgle speaes 
as judged by a willingness to interbreed among all its 
members The systematic genotypic gradation is 
outwardl) cxliibitcd m a gradual change in structure or 
appearance, a character gradient or dine It is almost 
universal in all species with extended range, and is 
illustrated by plumage m birds, stripmg in zebras, size 
m canbou, tail-lcngtli m mice, pigmentation in man 
A suU Later stage is one in which the chnal gradient 
is so steep or so prolonged that end-forms of the species 
range come to differ more or less radically from one 
another Through functional incapacity or psycho- 
logical inhibition they may then be unable or unwilling 
to interbreed, and thus themselves acknowledge their 
differences in reproductive isolation In these cir- 
cumstances complete gradation of variants throughout 
the species range, and complete merging of neighbouring 
subspecies (each convcmently grouped about a local 
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mode) along common zones of contact, do not exclude 
the occurrence of end-forms which are nevertheless truly 
distmct speaes and display full speciation 

Species distinction m the continuity of fossd senes may 
be arbitrary and conceptual {see page 78) ^'^But among 
hving forms (at least of nearly all animals) a spdca.es. ias, 
exact meamng and is an objective reahty, though it js' 
recognized in terms less of speaal structural charactei*M 
istics than of organic behaviour It is a community 
of actually or potentially freely mterbreedmg and mter- 
fertile mdividuals, separated from other species by a 
reproductive barrier — a barrier psychological but not 
always functional between near speaes hke wolf and 
jackal, horse and ass, both psychological and functional 
between less closely related speaes Under natural 
conditions, members of distmct speaes show themselves 
to be well versed m speaes distmction a vixen never 
mistakes a dog for a fox In a number of instances, 
espeaally among birds, some of the biological significance 
of the colour-pattern seems to be that of recogmtion 
marks, for aid m specific identification. Natural 
hybrids, if not due to exceptional circumstances like 
captivity, are almost always hybrids withm the limits of 
the smgle species 

With such a entenon for the speaes, the occurrence 
of fuU geographical speciation is illustrated by a number 
of different groups of animals Thus the common 
herrmg-gull has a circum-polat cham of subspecies m the 
northern hemisphere that seem to have arisen by a pro- 
gressive extension of range and an ensumg differentia- 
tion from an ancestral home perhaps m north-eastern 
Asia The extension is represented m a graded senes of 
forms rangmg eastwards across Canada to the Atlantic 
and to the West-European sea-board, where the typical 
arnng-gull has pale grey wmgs appreciably hghter tlian 
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those of the East-Asian forms Westwards it is repre- 
sented m a series of no less perfectly graded forms 
ranging across Siberia and northern Russia to the West- 
Europcan sea-board, where the typical form has wmgs 
appreaably darker than those of the East-Asian in- 
dividuals, and IS known as the lesser black-backed gull. 
In the region of overlap m Europe the two extremes dififer 
markedly not only m appearance, but also in tempera- 
ment and habits (the hemng-gull being more aggressive 
and quarrelsome, and nesting a fortnight earher, than 
the black-backed gull), and behave as distmct species. 

Similarly, the deer-mouse Teromysaa mamculattis of 
western North America exists m a number of subspecies 
or local races differing under the influence of physical 
(including climatic) controls. The grassland forms 
include arcimts of the cold Canadian prairie and osgoodt 
of tlic rather warmer Colorado-Montana country. The 
woodland forms similarly mclude a northern race, 
arlem/sta, of the Amcncan-Canadian border, and a 
southern, so/tortensis, of Nevada-Utah-Idaho The rham 
of interbreedmg races covers a nearly unbroken area, 
and the divisions between them are thoroughly arbitrary, 
except m the case of ariemhia and osgoodt, which, m a 
aone of ovcrlappmg ranges where relatively recently the 
diain has closed, behave as mdependent species without 
interbreeding. 

The clmal gradients are steady and continuous when 
the range of the geographical races of a species is fairly 
evenly and thickly populated and offers no local restric- 
tions on free gene-flow between neighbourmg popula- 
tions The pnmary fectors determining the form of the 
chne are tlicn distance apart of the races, and systematic 
cn\ ironmental change. Sea-birds, fishes, marine organ- 
isms generally, have such unrestricted ranges; though 
inshore dwellers meet a variety of contrasted coastal 
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environments, and may have highly variable population 
densities, which tend to modify the regular clinal gradient 
On land, however, there are often sharply distinct neigh- 
bourmg environments (as between alluvial plam and 
flankmg hiU-slope, ChaUr down and clay vale, fenland and 
dune), and chnal gradients (which arc a reflection of 
the environmental controls) may show marked steepening 
at the frontiers If there are positive environmental 
barriers mterruptmg the range of the species, the clme 
may be discontinuous 

Thus a pemnsular population having easy access to 
the mainland by a broad isthmus may show a steady 
gradation from the mainland forms, but if the isthmus 
IS constricted, there is a direct limitation of mdividual 
cross-breeding between the neighbourmg populations m 
proportion to the rurrowncss of the bridge If the 
isthmus disappears altogether, the land-dwelling insular 
forms become completely cut ofif, and the possibihty of 
gene-flow (by cross-breeding) between the island and 
the mainland diminishes almost to zero Sometimes a 
trickle of genes manages to cross the environmental 
barrier, as by such accidents of transport as wind-bome 
seeds and msccts, bird-borne mussel larvic, raft-bome 
mammals , but the effects of chance dispersal in- reducing 
reproductive isolation clearly depend partly on the 
distance apart of tlie populations, partly on the incidence 
of mutual gene-exchange in relation to size of popula- 
tions In Britain the local races of the Bute and Skomcr 
voles occur on islands lying only a few hundred yards 
from the mainland 

The barrier need not be the sea Mountam or desert 
or river or forest may equally fragment the range of a 
species, and prove a more or less msurmountable 
obstacle to cross-migration and gene-flow between 
populations Each self-contamcd group then tends to 
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throw tip “ random ” mutations which undergo differ- 
ential selection m the separate areas , and there are pro- 
duced unique local genotypes havmg httle or no oppor- 
tunity of mter-group recombination and assortment. 
A group at first cstabhshment is then perhaps closely 
similar to its neighbours, but prospectively it is an 
inapient species 

llte effects of selection, if not swamped by periodic 
immigration of related forms (as might arise, for instance, 
when fluctuations of the sea cause a tract of land to 
oscillate between peninstdar and insular conditions), are 
progressively divergent, leading to commumties repro- 
ductively no less than geographically isolated Full 
geographical species arc then established, often with few 
subspecific links between them. 

Indigenous island forms are a spectacular example of 
tile process. In this respect the Australian marsupial 
animals and the South American sloths and marmosets are 
instances of orgamc isolation on a continental scale. 
Britain and Ireland arc geologically part of the European 
conpnent, and geographically were part of that con- 
dnent m very recent times, yet the Irish hare, the 
Orkney and Skomcr voles, and the red grouse have all 
differcnuatcd from continental tyqies smee the end of the 
Glacial period In the Azores about jo per cent of the 
beetles, in remote St. Helena about 53 per cent of the 
insects and 80 per cent of the flowering plants, and in the 
Haw auan Islands set m the heart of the Pacific Ocean 
83 per cent of the beetles and all the land-birds and aU 
the land-snails are indigenous 

Comparable isolation and speaation are displayed by 
such a local and self-contained species-group, almost 
certainly of single evolutionary ongin, as the finches 
of the Galapagos Islands — an cioimple of considerable 
historical importance, since it was a major stimulus to 
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Darwin’s interest in evolution Lack has shown that 
each single larger island appears to have its separate 
species or speaes assemblage The birds habitually 
are land-dwellers, flymg comparatively short distances in 
the search for food, and there is little cross-migration 
&om one island to another, and the diversity of environ- 
mental conditions m the islands seems to have been the 
prmapal factor m the process of speciation by differential 
selection of the respective mutants The structural 
contrasts between some of the speaes are not very great — 
sometimes, mdeed, a bird needs a second look to be sure 
a prospective mate is of its own kmd — but reproductive 
isolation is' complete or nearly so 

The complement to oceamc islands is found m isolated 
lakes, the orgamsms of which show equal pecuhanties 
Thus nearly aU the speaes of pond snails, sponges, 
bivalve molluscs, and water-fleas of Lake Baikal are 
confined to its waters , and the Baikal seal, a differentiated 
relic of a marine form cut off from the sea, finds its nearest 
km m the Arctic Ocean 

Disjunction of species-range by mountain barriers is 
illustrated m New Gmnea, where speaation among 
upland birds-of-paradise is brought about by the limita- 
tion of localized groups to the higher and more or less 
isolated mountain tracts, each of which tends to have its 
particular subspeaes In the same island the backbone of 
mountains also separates zones of humid lowland in 
which kingfishers find thar home, and the birds con- 
sequendy fall into a number of distinct local geographical 
races on the way to becommg full speaes (Fig 7) 

Similar geographical control operates m the small 
Hawaiian and Sandwich Islands These reach consider- 
able altitudes, and are drained by streams which have 
excavated deep radial valleys separated by steep walls and 
sharply crested ridges The islands have become 
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populated by land-snails which favour the humid warm 
environments of the valley floors, and avoid or are 
only thinly distnbuted in the uplands The isolation of 
the valleys and the difficulties of trans-crestal migration 
have imposed feirly rigorous reproductive isolation, 
and with the near-cessation of gene-flow almost every 
valley is now the home of its own separate local race, or 
even its own speaes Moreover, the narrowly Imear 
form of many of the valleys has mduced a supplementary 
subspeaation revealed as the snail populations are 
followed from the interior towards the coast. 

Speciation as the breakmg-up of a umtary group thus 
follows from localized adaptive response of members of a 
speaes to contemporary environmental diSerences In 
the continuously transitional series of forms of the simple 
dine. It bears analogy with fossil series, m which there are 
similar (but inferred)'speaes contrasts between end-forms 
and an unbroken gradmg through the mtermediate hnks 
The disruption of clmes by geographical barriers, the 
resulting isolation of local groups, and the consequent 
sharp distmction between subspecies and species of 
common ongm, have thar equivalent m the fossil record 
when the contmuity of evolvmg forms is mterrupted by 
layers of unfossiliferous sediments, and the mtergrading 
of transients is obscured 
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ADAPTATION IN EVOLUTIONARY SERIES 

T he concept of geographical speciation lays emphasis 
on the space-factor m the divergence of groups, 
rather than on sequential changes m time Never- 
theless, the same process must account for both geo- 
graphical speaes and successional species, since of course 
ever}' species has both geographical definiaon and a 
place in time. Adaptive response, therefore, if it is a 
real factor m the emergence of geographical species, must 
enter no less into an explanation of the transformations m 
fossil senes 

If environmental conditions remain more or less 
constant for long periods, there tends to be close organic 
specialization, particularly but not necessarily when the 
pressure of natural selection is high In such circum- 
stances, variants departing in any direction from the 
preferred norm arc relatively less closely adapted, and 
tlicrefore arc discouraged, eltlier by rcducuon m pro- 
portionate numbers or by complete extermination The 
variation-range of the populauon is thus limited Since 
the variation is partly of genetic ougin, selection en- 
courages genotypic approximation to a pure hne by 
ehminating the more aberrant mutants, and the potential 
variability-rangc is thus also limited 
Under such conditions, the evolutionary process 
appears to be highly conservative, and its products are 
long-hvcd kinds existing m almost static optimum 
mlauons with their environment The lamp-shell 
Ungtla, for instance, buned m the mud of the shallow- 
water sea-hoor, hves under conditions which arc 
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monotonously persistent over long geological mtervals, 
so long as lands have normal coasts Relatively mmoi 
changes, as m the nature and abundance of microscopic 
food or m the salmity and temperature of the surrounding 
water, are then the only fectors likely to affect the con- 
stancy of Its environment A Imgula m its burrow might 
then find httle difference between Ordoviaan and Recent 
mud, and transformation over geological eras may be 
so slow as to remam within the limits of the single genus 
{let Fig 3, page jy) 

Though the physical environment, especially m the 
sea, may persist with very httle modification for long 
peaods, usually it shows change m a great many minor 
ways , and at times of major earth movement, as durmg 
the building of folded mountam-chains, it may undergo 
great transformation more particukrly m its terrestrial 
and coastal zones In any event, the orgamc elements 
in the environment are always changmg, and to them the 
mdividual species must make due response Qose 
adaptation to a parucular environment may then ensure a 
temporary success, but a group displaymg it, par- 
ticularly one of low variabihty, may, when conditions 
change, find itself at a disadvantage m companson with 
a group relatively less closely adapted but of higher 
variability (especially genotypic vanabihty) 

A selective and systematic shift m variation-range and 
variation-balance is a necessary response to modified 
adaptive needs (with extmction as the only ultimate 
alternative) Adaptation bemg not a state but a relation, 
the shift is determmed, withm the hmits of survival, by 
statistically expressed differential selection This is the 
sort of form-sequence that is displayed by the Jurassic 
oysters, the mussels of the Coal Measures, the horses 

There is clearly a conflict between the need for close 
adaptation to the environment as it is, and for broad 
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“ plastic ” response to the environment as it changes. 
High speaahzation, concentrated adjustment to selected 
features of the environment, is advantageous while it 
lasts, but It tends to result in an inadaptive condition 
when the environmental optimum shifts even slightly 
Thus the sabre-toothed tigers were in bmld and dentition 
very highly speaalized predators, probably finding their 
chief food in the larger mammals hke the elephants and 
the ground-sloths : their size and relative awkwardness 
probably made it difficult for them to subsist on a diet of 
smaller ammals, if only because they could not capture a 
sufficient quantity of meat daily for their needs. So 
long as the larger mammals (m their turn dependent on a 
rich herbivorous diet) continued abundant, the sabre- 
tooths were “ successful ” But the deterioration of 
chmate towards the end of Tertiary times, and the 
consequent reduction m numbers and final extinction of 
many of the herbivores, especially m North America, 
carried the sabre-tooths to extinction also. 


Sunilarly among the horses the adaptation to forest 
and woodland of tlie North American Hypohippus^ 
possessmg short-crowned cheek-teeth suitable for 
browsing, was ‘ successful ” (m the sense that the form 
was common) for much of later Ternary times , but with 
the extension of grassland praine and the reduction in 
forest as the Glacial period approached, Hypohippus 
found Itself disadvantageously placed in competition 
with the one-toed long-toothed horses proper, and 
became extinct (yet Fig. 5, page 73) 

If the rate of environmental change is very fast, and 
the variabihty-range cannot offer new mutants to keep 
pace, adaptive response may lag behmd environmental 
requirements, and extinction then is the lot even of 
relatively unspcciahzcd forms (as dutmg the onset of 
glaaation). 
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Evolutionary specialmtion as the development of 
elaborate structure, as in the elephants, the duck-billed 
dinosaurs, the highly ornamented ammomtes, has some- 
times been taken to imply racial senihty But while no 
doubt some lack of “ plasticity,” some stifihcss in 
adaptive response, is indicated by such elaboration, the 
long-contmued evolution of other equally “ specialized ” 
groups hke the crocodiles (httle changed smee mid- 
Mesozoic times) and the king-crabs (almost unchanged 
smee the begmmng of Mesozoic times) is a warning that 
elaborate structure as such is no danger to survival 

The history of the fish-lizards is m this respect lUu- 
minatmg They persisted m abundance durmg the 
greater part of the Mesozoic era as marme predators 
superbly specialized m structure for their fish-like mode 
of life , and racial senescence can scarcely be attnbuted to 
forms which were “ successful ” for over loo milhon 
years Their extmction at the end of Mesozoic times is 
therefore probably not to be attributed to any mtrmsic 
dechne on their part (or to major changes m the con- 
tmuing physical environment of the sea), but to a novel 
factor m the orgamc environment the emergence 
of direct competitors more responsive to selective 
stimulus — the first dolphm-hkc secondarily aquatic 
mammals 

At any moment, therefore, there is a favoured adaptive 
form upon which selection-pressure centres in a given 
environment But as the time-factor enters, systematic 
environmental change mvolves a changing bias m selec- 
tion pressure, which then becomes asymmetrical m its 
madence and gives a directional component to the hne 
of evolution. This is expressed m correlated modal 
shift in the variation-range of successive generations 
The process is well illustrated by the Jurassic oysters, 
which display a modal shift in successive commumtics 
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v/hilc retaining a fairly wide variability-range {see Fig. 6 , 

75) 

Most broad environments have subdivisions displaymg 
some differences, and the speciation that may ensue when 
an ancestral central stock sends evolutionary branches 
into different eninronmental mches is what has been 
called adaptive radiation Under selective bias each 
separate branch follows its mdependent hne of directed 
evolution, until it achieves an adaptive peak of secondary 
specialization in the new environment as the directional 
component of sclection-ptcssure duninishes At the 
same time the ancestral stock as a whole loses its mitial 


unity, and breaks up mto a number of separate and inde- 
pendent hnes This is essentially geographical spccia- 
tion in time, evolution by ^divergence, the branching 
phylogeneuc tree 


A gross alteration in the environment, as when the 
retreat of ice-shcets at the close of a glacial penod, 
or widespread uplift of a sea-floor, or volcamc eruption, 
exposes uninhabited country for re-population, provides 
conditions in which interspecific competition is for a 
time less acute or less restrictive than m thickly populated 
ground ; and the opportumties for divergent evoluUon, 
for adaptive radiation, are relatively great. A rapid 
extension of specics-range 13 then accompamed by 
corrcspondmgly rapid adjustments of structure and habite 
and the consequent eruption of numbers of new speaes 
(and m due course genera, fatmhes, and orders) There 
IS a “ burst ” of cvoluuon, often m the fossd record 
seemingly of leaps m evolution, and this explosive 
release of potcntiaUtics has the aspect of youthftil vigour 
as against the ^apparent senihty of long-established 
olci-fam toned phylogenetic senes 

burst ” of amphibian evolution after the raid- 
Polxozoic earth-movemenis, of ammomte and reptilian 
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evolution after the late Palteozoic movements, of mam- 
malian evolution m Tertiary times as the reptiles rapidly 
died out, has the appearance of such rejuvenescence, and 
has led some genetiasts to assume a radically different 
evolutionary mcchamsm to eiqslam the sudden eruption 
of new species and genera This they have suggested 
to be systematic mutation, with “ hopeful monsters,” 
novel orgamc types, formmg the new pomts of ongm of 
evolutionary hnes 

The attribution of a subjectively recognized renewed 
youth to cvoluuonary series is, however, not to be taken 
too literally as implymg an inherent contrast between 
emergent and decadent groups Racial childhood and 
racial old-age are fictitious, if the terms are mtended to 
suggest different mtrinsic natures at opposite ends of 
evolutionary series, to suggest that inherent capaaty for 
change has run its course and no future awaits the 
evolvmg scries but extinction At any one moment all 
orgamsms are m an evolutionary sense equally young and 
equally old, smee their ancestries go back to the begm- 
mngs of orgamc time Racial senihty has descriptive 
meanmg only withm short segments of evolutionary 
series, and then only if there is pnor ascription of semie 
quahties to such characters as elaborate ornament m 
shells or “ excessive ” spmc development m crustaceans 
In modem view the recognition of racial old age rests on 
subjective judgements which contradict coherent theory 
and which are permeated by animistic ideas no less than 
by animistic terminology 

It IS true that some orgamsms may be over-specialized, 
not mtrinsically m bemg extravagantly constructed or m 
having pecuhar habits, but m possessmg a variabiLity- 
range too limited to allow ready accommodation to 
rapidly changmg environmental conditions, and other 
orgamsms less rigid in adaptive response may be more 
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tractable to the stimulus of change afforded by tie^ 
environments, and then appear to be more richly en- 
dowed with evolutionary energy. But explosive evolu- 
tionary activity, notably expressed when emp^ novel 
environments await invasion, is always a short-lived 
experience for any particular group of orgamsms, and is 
sooner or later followed by a diminution of speed and a 
limitation of evolutionary routes as the various environ- 
mental mches become occupied. The group then 
remains m a state of evolutionary quiescence, until 


the accident of changing circumstances once agam 
promotes a phase of renewed activity and apparent 
renewed youth 

These relations between orgamsms and changing 
environments are well brought out by the manner in 
which the reptiles were replaced by the mammals as 
dominant land vertebrates. In numbers and variety of 
kinds the reptiles achieved high success in their occupa- 
tion of many different environmental mches durmg 
Mesozoic times That this was not due to an inherent 
compulsive pressure is shown by the fact that while 
evolutionary branching of the principal stocks took place 
early in their history, there is no suggestion of a di- 
mmished evolutionary vitahty m later members. For 
instance, the diversification of the rhmoceros-like 
homed dinosaurs and of the duck-billed amphibious 
dinosaurs in North America was the product of an 
adaptive burst in late Mesozoic times The reptiles 
maintamed their dommant position without sign of 
decadence for some 140 milhon years; and the mere 
existence of mammals during the greater part of the 
period — mammals which remained small in both size 
and numbers and were without notable place in vertebrate 
economy — ^was clearly norm itself a challenge or a danger 
to continued reptilian success The replacement of the 
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one class by the other as Mesozoic times passed into 
Tertiary must therefore be attributed to some factor not 
predetermmed in the innate qualities of the animals but 
external to them 

A major environmental stimulus to which the mammals 
responded but the reptiles did not was the appearance of 
a new kind of food, the grasses The grazing habit, 
however, demands considerable powers of mastication, 
to which the comcal reptilian tooth was not readily 
adapted, and the extended food-range provided oppor- 
tunity to the mammals whose cheek-teeth were already 
more complex m cusp-form than those of the reptiles 
The long-prevailmg balance of nature was thus upset, 
and the new adaptive zone of grassland was rapidly 
occupied by herbivorous mammals which, having crossed 
the threshold, soon outpaced the reptdes m supple- 
mentary anatomical adjustment The carmvorous 
mammals, developments out of a stock of late Pakeozoic 
age and waiung m retirmg modesty throughout Mesozoic 
times upon such opportumty, were far more efficient in 
their battery of offensive weapons and m their locomotory 
agibty than such reptilian carnivores as the huge clumsy 
tyrannosaurs , and as predators preying on die herbi- 
vores they were a correlated adaptation Together, 
herbivorous and carnivorous mammals came to occupy 
many of the old mches of the reptiles and the mches new 
to Earth-history. 

Such “ explosive ” evolution, displaying antecedent 
threshold effects, was nevertheless lughly complex m 
detail , and its experimental nature, marked by trial and 
truxed success of body-build and tooth-form, is well 
illustrated m the number of evolutionary hnes of early 
Tertiary mammals which became extinct without leaving 
modern descendants Thus perhaps four or five separate 
stocks of carnivores, diffcrmg in the development of 
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back teeth for flesh-cuttmg, stemmed from a central 
late Mesozoic ancestry, ^but of these only the group 
employing as prmapal shears the fourth upper premolar 
and the &st lower molar survived — presumably because 
of the mechanical superiority of the )aw apparatus — 
mto mid-Tertiary times, when the way was open to it for 
supplementary adaptive radiation. Similarly, a number 
of lines of" pnrmtive ” early Tertiary herbivores became 
extinct or failed to achieve notable success, and at the 
present day the dominant forms (judged by numbers and 
kinds) are hmited to the even-toed hooved animals, also 
mainly the product of a later Tertiary secondary radiation. 
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one class by the other as Mesozoic times passed into 
Tertiary must therefore be attnbuted to some fector not 
predetermined m the innate quahties of the animals but 
external to them 

A major environmental stimulus to which the mammals 
responded but the reptiles did not was the appearance of 
a new kmd of food, the grasses The grazing habit, 
however, demands considerable powers of mastication, 
to which the comcal reptihan tooth was not readily 
adapted, and the extended food-range provided oppor- 
tumty to the mammals whose cheek-teeth were already 
more complex m cusp-form than those of the reptiles 
The long-prevaihng balance of nature was thus upset, 
and the new adaptive zone of grassland was rapidly 
occupied by herbivorous mammals which, havmg crossed 
the threshold, soon outpaced the reptiles m supple- 
mentary anatomical adjustment The carmvorous 
mammals, developments out of a stock of late Pakeozoic 
age and waiting in rearing modesty throughout Mesozoic 
ames upon such opportumty, were far more effiaent m 
their baaery of offensive weapons and m then locomotory 
agihty than such reptihan carmvores as the huge clumsy 
tyrannosaurs ; and as predators preymg on the herbi- 
vores they were a correlated adaptation Together, 
herbivorous and carmvorous mammals came to occupy 
many of the old mches of the reptiles and the mches new 
to Earth-history. 

Such “ explosive ” evolution, displaymg antecedent 
threshold effects, was nevertheless highly complex in 
detail , and its experimental nature, marked by trial and 
mixed success of body-build and tooth-form, is well 
illustrated m the number of evolutionary lines of early 
Tertiary mammals which became extinct without leaving 
modern descendants Thus perhaps four or five separate 
stocks of carnivores, differmg m the development of 
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back teeth for flesh-cutting, stemmed from a central 
late Mesozoic ancestry, ,but of these only the group 
employmg as principal shears the fourth upper premolar 
and the first lower molar survived — presumably because 
of the mechanical superiority of the )aw apparatus — 
into mid-Tertiary times, when the way was open to it for 
supplementary adapuve radiation. Similarly, a number 
of lines of “ primitive ” early Tertiary herbivores became 
extinct or failed to achieve notable success, and at the 
present day the dommant forms (judged by numbers and 
kmds) are hmited to the even-toed hooved animals, also 
mainly the product of a later Tertiary secondary radiation. 
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VTTALIST THEORY 

“TTT IS possible among the vertebrates frequently to 
' recognize adaptive response m structural change It 
JLis less often possible to do so among the invertebratesj 
whose mode of life, especially in fossils, is sometimes' 
difficult to determme An inabihty to attribute signi- 
Scant functional use to sundry evolving structures has 
commonly been charged against Darwinian evolutionary 
theory, and has been the foundation for assuming a 
directive force m evolution that is mdependent of, and m 
more or less degree opposed to, environmental control 
This directive force has been vanously conceived, and 
has been endowed with a variety of names, but the 
imphcation of all vitahst theory is that some measure oi 
mevitabihty is a factor not to be neglected m evolution 
though the inner dnve, the momentum, is in the les' 
mystical versions regarded as an innate quahty of hving 
matter, and not necessarily as the instrument of special 
cosmic purpose 

The evidence for non-adaptive evolution falls into a 
number of categones Chief is the indication of “ dis- 
harmony ” between orgamsm and environment, revealed 
m grotesque and monstrous characters A particulai 
instance, lUuminatmg in its general apphcation, is that ol 
the antlers of the Irish elk The antlers sometimes reach 
a span of nearly to feet and a waght of 8o lb (on a skull 
weighmg 7 Ib ), and the view that their enormous size 
could have been attamed entirely as a result of adaptive 
selecuon certainly seems inacceptable It is difficult 
to suppose that they were not too cumbersome for 
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efficient attack and defencCj and not a serious disad- 
vantage in woodland country, and they must certainly 
have absorbed a great deal of the energy of growth 
Nevertheless, increasing knowledge of the processes of 
growth and of the mathematics of selection makes it ^ 
possible to avoid vitahst explanation of the structural 
enormity. 

The Irish elk is a member of the deer family, one of its 
near relatives (judged by slmilanty of form) being the 
red deer Huxley has shown that m the latter species 
there is a close correlation between antler-size and body- 
size m individual growth, so that an absolute mcrease in 
body-size is accompamed by both an absolute and a 
systematic relative mcrease in antler-size (which in turn 
mvolves a correlated mcrease m branchmg and palma- 
tion) The genetic explanation is that of umtary gemc 
controls on a number of apparently separate but actually 
correlated characters. 


On the assumption that a similar linkage controlled 
growth m the Irish elk (as is suggested by its relationship 
to the red deer), the extreme size and elaboration of antler 
seen m the elk may thus be no more tlian an inadental 
secondai^ result of a primary hne of evolution leadmg to 
large body-bulk Such a primary hne, for which it would 
not be difficult to find adaptive justification, was almost 
umversal m the whole range of deer evolution durm? 
Tertiary times So long as the advantage accrume 
horn mcreased size outweighed the possible disadvantagl 
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The pnnaplc is of wide application Thus the re- 
peated evolution of enormous horns m such forms as the 
mammalian titanotheres or the reptilian horned dinosaurs 
IS not to be explamed solely by.reference to the functional 
value of the horns as isolated structures It is a common 
feature m vertebrate evolutionary Imes that carher 
hornless forms arc much smaller than later large-homed 
forms In any one Ime a threshold of size has to be 
crossed before boms begm to appear, and thereafter 
there is a fairly consistent correlation between size of 
body, size of skull, and size of horn Smcc an evolu- 
tionary trend towards large body-size is displayed in 
most of the senes, the fact of growth-correlation makes it 
unnecessary to mvoke any mutational change m special 
genes alfectmg hom-growth, which may be regarded as 
no more than an incidental feature of general growth, 
given a certain basic genetic constitution 

The evolution of orgamsms under the effects of an 
mtcmal momentum to stages positively out of “ har- 
mony ” with their environment (that is, positively 
inadaptive) is, m any event, statistically impossible in 
large populations, if adaptation is defined in terms of 
survival and if the fact of environmental selection is 
accepted- It occurs, if it occurs at all, only m popula- 
tions of smaller numbers than a few hundred at most 
Conceivably, random inadaptive evolutionary “ dnft ” 
may have had some significance m small herds of the later 
titanotheres and homed dinosaurs, and of the Irish elk 
in Its hst days ; but since selection (the agent of adapta- 
tion) does not operate on the mdividual as such, it 
becomes a relevant factor in the evolution of such small 
groups only when adverse selection-pressure (itsdf a 
measure of “ disharmony ”) becomes intense 

Lack of " harmony ” can by mere mspcctioQ be 
judged only subjectively in fossil structures, and it has 
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meaning in living forms only in terms of survival. If in 
fact speaes continue to survive with the structures they 
possess, It IS raeamngless to talk of dishanhomc relations 
With the environment, which is the arbiter of survival. 
Though a particular character in isolation might justifi- 
ably be regarded as a disabihty (kke very large antlers), 
the whole orgamsm because of its very existence must 
be sufficiently adapted to survive. 

Vitalist explanation is also invoked to account for the 
evolutionary mode of an orgamc group seemingly com- 
pelled to follow a prescribed course until, at a peak of 
“ disharmony,” it meets extmction m the Bat of an un- 
compromismg environment Such directed evolution 
has been called orthogenesis It appears to be exemplified 
m the extravagant antlers of the Irish elk and the horns of 
the titanotheres. A commonly cited mstance is the 
close incoiling of the more advanced forms of Gryphaa 
(page 74), in which the left valve of the shell gives the 
impression of curvmg over and pressmg on the nght, 
finally to prolubit the opening of the shell Various 
species of sea-mats build extremely elaborate skeletons 
some of them three-storied, whose choked apertures 
apparently leave the mdividual httle opportumtv of 
obtaimngfood Theammomtc5(Fig 3, page 17') in their 
most spectated ” forms have fhe Sd ch^” 
partitions frilled in the greatest complexity. The 
evolving lines ending in these products seem to 1^ more 
or less undeviaimgly from "normal” forms hy oro- 
gtwsive stages to an extreme of " aberratioa ” ^ ^ 
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tion in fact charactenzes a lineage only over short sections 
of Its course, and then only -when the senes is idealized 
In the actual detailed sequence of forms evolution is, on 
the contrary, neatly always divergent and radiatmg, and is 
marked by recurrent branchmg speciation. If a single 
ancestral stock gives nse to diverse off-shoots adapted to 
different environmental niches, as illustrated m the 
common -origm of oysters and gr3?pha2as, of nautdoids 
and ammonites, of mastodons and elephants, of browsing 
and grazing horses, of pigs and hippopotamuses, of 
camels and llamas, of apes and men, the imphcation is 
that no mtcrnal compulsion dnves the several hnes along 
the courses they follow 

A similar attribution of perfectiomst urge m evolution, 
the lineages being regarded as stnving towards a pre- 
destined goal, IS found m the view that there is an 
irreversibility about the process As a rule the trans- 
formation of characters m evolutionary senes certainly 
cannot usually be undone A fin evolved mto a ter- 
testnal leg or a flymg wmg never reverts to true fin- 
structure when (as m the sea-lizards and the pengums) 
there is a return to an aquatic mode of life Lungs, 
once they replace gills m vertebrate evolution, have to 
serve even when (as m the whales) they are a poor instru- 
ment for breathing under water A reduction m length 
and strength of the fore limb m bipedal stance is stamped 
upon body-build when (as m a number of the dinosaurs) 
there is reversion to a quadrupedal stance 

Nevertheless, the “ kw ” of irreversibility is merely 


empirical Although it may be a true reflection of the 
probabihty that complex gene-controls on structure are 
not likely to be regained once they arc through adverse 
selection lost &om the collective genotype of the evolving 
group, the “ kw ” is not an absolute rule of develop- 
ment, and IS m fact contradicted m numerous exceptions 
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For instance, tbe widespread tendency, notaWe ^ ^ 
cvoluaon of the. terrestrial vertebrates, tov^ attain' 

ms larae size has been taken to indicate irrwistible 
But the tendency is fat from universal, and m a single 
^oup, as m the deer, there may be such contr^ as that 
between the moose, 7 feet high, and the pudu, httle cMre 
than 12 mches high. Dwarf kmds of elephan^ thino- 
cctos, pig, antelope, hippopotamus, ma^ also run 
counter to rule, some of them being found m environ- 
ments (insular or semi-desert or thickly forested) sug- 
gesting the effects of “adverse” conditions. D^g 
the onset of glaaal conditions in late Tertiary times, 
some of the lines of horse evolution show a steany 
reduction in size, m reversal of the trend previously 
followed, and collateral stocks may show opposed 
modes of evolution — one of mcreasmg, another of 
decreasing, size 

Even more sigmficant is the manner in which char- 
acters display retrogressive (cychcal) evolutiom In the 
adoption of a fast-runmng habit, the horses throughout 
most of their evolutionary history display a proporaoaite 
Icngthemng of the limbs. This was partly achieved by s.' 
relative increase m the length of the foot, marked hr z 
lugh position of the hock above the gtountL Ths. 
change in structural proportions was progressive until 
late Tertiary times, and thus apparently oSsred ck> 
firmation of orthogenesis. But in their latest members a 
number of stocks began to show retrogression, rmd ■> 

horses have proportionately shorter feet than 
' Glacial ancestors ^ 

Snmlarly, the earlier sabre-toothed ugets cevclct>£.f 
latcr^ flanges in the front of the lower jaw ■afon^' 
tlie huge upper canine teeth slid on jaw-'b'-;:^ 
later descendants, however, lost the miicii 
and the front of the lower )aw reverted 
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possessed in the onginal ancestors of the sabre-tooths 
(and which it still possesses m all hMing cats) Such 
cychcal evolution refutes the suggestion that inevita- 
bility attaches to evolutionary trend 

A repeated expression of similar evolutionary themes 
offers a stronger case for vitabst theory Parallel 
evolution, the sense of motif in different stocks, the 
suggestion of “ programme ’* m serial pattern, all lend 
some weight to the view that a basic common impulse 
prompts the successional changes When incurving 
of the shell is repeated m oyster-stocks umc and again, 
when the horned dinosaurs arise along four or five inde- 
pendent routes of development from ancestral hornless 
forms, when corals of different geological periods pass 
through similar evolutionaty stages in colonial form and 
intecnd plate-structure, when toe-reduetton is char- 
acteristic of all the branching hnes of the horse family, 
the evidence suggests the conclusion that the similarities 
of structure and of evolutionary trend arc due to the same 
internal stimuh Nevertheless, the explanation of the 
parallelism need not be a vitahst one and can, with a 
desirable economy of hypothesis, remain within the 
mechanist frame 

The environment is passive in its control on adaptation 
It cannot evoke variants of the preferred kind, but must 
wait upon “ chance ” mutation for the materials of selec- 
tion Mutations are (in large populations and in the 
course of geological time) many and varied, but they arc 
not utterly random, and do not occur in “ all ” directions, 
and of those which arise, a great number are disadvan- ' 
tageous, and are likely to be discarded from the stock in 
the course of a few generations. Furthermore, muta- 
tions cannot be adjudged beneficial in isolation. They 
always work m assoaation with all the other genes of the 
genotypic system, which must necessarily be in a'statc of 



VITALIST THEORY 107 


harmonious functional equilibrium; and tbeir eflFects 
ate resultant effects A new mutation cannot upset 
the genotypic equiUbtium unduly, and must pass the 
test of being acceptable to its fellow genes before the 
oiganism possessing it is able to grow Those kmds of 
mutations which have been tried and proved thus tend 
to receive preferential treatment and to survive. In 
any one major group of orgamsms, therefore, the field of 
mutation is narrowly circumscnbed by the group’s basic 
structural pattern, and within the field, because of this 
constraimng umfotmity of the ground-plan, there is a 
recurrent tendency to ■^ow up repeatedly for selection 
the same kinds of mutants 


In 01^ sense evolution is thus predetermined, being 
limited in its operations by the nature of the genic muta- 
tions, and evolutionary trends are expressions, when the 
environment is encouraging, of latent possibiUties. In 
successional species the appearance of rectilinear evolu- 
tion is then due to the inherent conservatism of genotypic 
sclf-prot^on on the one hand and the necessity for some 
dc^ee of adaptauon on the other. In stocks belonging 

genetic unity, parallel Imes of evolution occur because m 
a given environment similar mutants are likely to recur m 
h. Bcp^tc stocks and to be e<i„aU, selectively ptSS' 
I IS significant that the parallehsm need not he. and 
almost never is, synchronous m its t ^ 

different stocks, which hear every mdSi? ? 
upon arcumstance for opportuiSv S, 
tlic parallehsm is rarely meST 
simiktiues displavcA for^jn«:r« astomshing 

North AmericL hors« ^ foot-serieTI 
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mechanism of the ankle-hmge exammed {see Fig 5, 
page 73) The selected mutants were therefore not 
identical m the two groups, and represent oppormoist 
response to adaptation with whatever genic instruments 
were available 

Vitahst theory also enters into certain interpretations 
of individual development It is notorious that in 
summing up the relation between the stages of individual 
growth and the stages of racial history, Haeckel m the 
late mneteenth century propounded the “ law ” that the 
development of the mdividual recapitulates the history 
of the race Understood literally, the “ law ” enforces a 
rigid predetermination on mdividual growth, and lays 
central emphasis on the arbitration of past events in 
determimng the nature and the order of mdividual 
developmental stages This can scarcely be the case 

As the mdividu^ at all stages of growth must be able to 
live, must be suffiacntly adapted to survive, must make 
immedtate response to immediate need, the prophetic 
control of past ancestral stages on present hvmg ones can 
only be partial and comadent, not wholly mstrumental 
and antecedent The fact that pnmitive ancestral 
vertebrates, bony fishes of Devonian times, spent their 
whole fives m water cannot directly control the manner 
of growth of a descendant reptile spendmg the first weeks 
of fife inside an egg'Shell before hatching out mto a dry 
environment , and the fish-form, well adapted for aquatic 
swimming, cannot possibly be repeated by the foetus 
growing m the womb of the descendant mammah 

Systematic modification of successive lifc-histones, 
which IS evolution, is not simply brought about by each 
generation addmg a little more to the sequence of steps 
passed through in parental hfe-histoty On the con- 
trary, It depends on mutation, which is a reorganiza- 
tion of the activator system that controls growth A new 
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mutation is (nomially) already present in the initial 
fertilized egg, and it can exerase its influence at any stage 
of growth of the mutant form* There is no mtrmsic 
reason, therefore, why individual growth-history should 
not differ and deviate from ancestral growth-histories in 
infancy or m youth or m maturity The conventional 
expectation that mdividual growth will pass through 
stages in correct order and all reflecting the forms of 
successive adult ancestors has no warrant m the nature 
of the evolutionary process or m the physiology of 
growth. That m &ct it often (but only approximately) 
docs so is probably due to the resistance of the whole 
gene-complex to radical disturbance by any smgle muta- 
tion, the effects of the mutation then bemg chiefly 
expressed m slightly modified growtli-rates of organs and 
characters. 

In its accommodation to changmg circumstances of 
growth, individual hfe-history seems to be as opportumst 
as the process of evolution of which it is an mcidental 
by-product. 
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PURPOSE AND PROGRESS 

TTn anthropocentoc view it is possible to look upon 
the ultimate purpose of evolution as being the 
ii.em«gence of mankind, and its progress to be marked 
by the appearance of successively higher forms of life. 
In the hght of the evidence now available, and the kind 
of explanatory synthesis which is saentifically acceptable, 
such a view mvites rejection 

In a biological sense, human evolution displays the 
same kmds of changes as those seen in the oyster and the 
sea-urchin, the dinosaur and the horse Man is a 
member of a comparatively msigniiicant and primitive 
group of mammals, the primates, which had their obscure 
origin, possibly m srt^ rodent-hke or msectivorous 
creatures, towards the end of Mesozoic times The 
form of the early primates shows them to have been tree- 
dwellers, and, with few exceptions until the appearance 
of tnan-like apes, they contmued to favour a forest 
environment throughout their evolution Modem 
forms which arc not very different in general structure 
from the ancestral primates include the tree-shrews and 
the lemurs , and although hving lemurs cannot be links 
in the chain of human evolution, fossils suggest that a 
lemuroid stage probably occurred in the early Tertiary 
ancestry of most of the larger modem monkeys, apes, 
and men, all of which preserve some anatomical rehes of 
arboreal adaptation 

The distribution of the early pnmates and near-pn- 
mates was wide, fossils bemg known from all the 

no 
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apes, and North Amenca and Europe 
pnmates (except man), at the present day The 
mentation is accompanied by adaptive 
in early Tertiary times there was a 
of pnmate groups reflectmg geographical locaUom Th 
remote New-World forms, confined almost exclusively 
to South aud Central America, mclude the marmosets 
and the ring-tailed monkeys : they differ, ^ 

having three ptemolar teeth, from the Old-World 
monkeys and apes, havmg only two Since this 
structural difference vns already displayed by the forms 
of mid-Tertiary times, it is probable that the increase in 
brain-stzc which took place in both groups throughout 
the Tertiary era is an instance of parallel but independent 


evolution 

The Old-World monkeys, Uving in the warm forest 
belt extending from Afnca through southern Asia into 
the South Seas, look very hke and have similar habits to 
their South American cousins. They ate known in the 
fossil state from specimens discovered in both Afnca 
and Eurasia, and they appear to have lemamed modestly 
successfiil m dievt adaptations until the present day — - 
though the cold conditions drove them out of Europe 
durmg the Glacial penod and they have not smee returned 
(except to Gibraltar). 

Related to the Old-World monkeys, and probably 
evolved out of them m early Tertiary times, the anthro-’ 
poid apes differ from the othM primates in btain-size 
(and correlated intelhgencc), m body-size, in the loss of 
the tail, and in' the assumption of a ground-dwelling 
liabit While ihc monkeys are little reduced in numbers 
or variety, and indeed (subject to competition with man) 
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may stall be progressmg from their condition in fbtmer 
penodsj the apes are certainly dechning Fossil apes 
have been discovered in considerable numbers durmg 
recent years the earhest known hved perhaps forty 
nulhon years ago, and durmg mid-Tertiary times, par- 
ticularly m Africa, whole famihes of apes evolved and 
spread over much of the Old World (but not of the New) 
In later Tertiary times, for whatever reason (partly per- 
haps because they suffered hardship with the onset of the 
rigorous climate of the Glacial period), their numbers 
were reduced, and they now exist only m the gibbon, the 
orang-utan, the gonlla, the chimpanzee, and man 
The gonlla and the chimpanzee need to be artificially 
protected to be saved from hkely extmction, and 
only man is “ successful ” as judged by mcreasmg 
numbers 

Anatomically, man is a great ape not differing in 
any notable feature from the other apes, and displaymg 
particuktly close resemblance to the chimpanzee and. the 
gonlla — not that he is descended from cither, smee all 
three are contemporaries. His ancestry, hke that of the 
other apes, is represented m the fossil record by forms 
which clearly show the collateral stages of transition 
from early Tertiary prototypes 

On the whole, evolution m the apes has been relatively 
slow, skeletons of what seem to be typical gibbon-hke 
and gonlla-hke forms bemg known from mid-Tertiary 
rocks Man, on the other hand, shows evolutionary 
progression notably m two features the structure of his 
head, and his upright posture The former is char- 
acterized by an inflation of the bram-case and a refine- 
ment of the face, the latter by the perfection of the 
bipedal stance (which entads structural adaptation of the 
backbone and the legs) with the adopuon of a permanent 
ground-dweUmg mode of life. In these features he is 
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“ progressive,” and offers the main contrasts to the 
“ conservative ” gonlla and chimpanzee. 

A number of intermediate types linkmg man with 
typical apes arc now fairly well known. He belongs to a 
divergent offshoot that stemmed from a form not unlike 
the mid-Tertiary Vrocorntd^ a ground-dweller standing 
perhaps not too surely on his hmd legs Shortly before 
the begmmng of the Glacial period, whole famihes of 
ape-like forms, of which A.miralopithccm is representative, 
were common m South and East Africa, pomting 
to a local burst of evolution : they had the low skull- 
crown, brow-ridges, and projectmg jaws of an ape-hke 
form, but in subdued degree, m the size of their brain 
they were (bemg small) proportionately far in advance of 
the chimpanzee or the goriUa, though approximating to 
the latter in an absolute cramal volume of about 600 c c. , 
and they appear, from the structure of tlieir hip-bones, to 
have been upright walkers The more recent Java man 
(Piihecatitbroptis) and his near relation, Pekin man (the 
so-called Svianthropm), lived during the Glacial penod, 
perhaps half a milhon years ago. Although they show 
many ape-hke features m their skuUs (including promi- 
nent brow-ridges and projecting jaws), the volume of 
the brain-case in some specimens reaches 1300 c.c. — 
about that of a hving Austrahan aborigine — and they 
were skilful and inteUigent enough to make artefects and 
to use fire, and imaginative enough to be ritual canmbals 
The Enghsh Piltdown man {Eoanibropm)^ also of Glaaal 
age, is even more modern m appearance, with a char- 
actenstic human cramum of about 1300 c.c m volume, 
but with projecting simian jaws Neanderthal man (to 
whom Rhodesian man is very similar) is suffiaently 
human to be placed in the genus Homo (though not to be 
called sapiens) He is known in a large senes of speci- 
mens from many parts of the north-western Old World — 

H 
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Specimens which show a gradation, particularly m 
refinement of face and perfection of upright stance, 
towards distmctly “ modern ” types, and which in some 
samples hmt at direct relationship with races of men still 
hvmg 

The prease hnes of descent of present-day man con- 
tinue to be matter for argument, most of them probably 
not stemming directly from a neanderthaloid stock But, 
despite this uncertainty m detail, the fossils leave no room 
for doubting the essential truth that man is descended from 
simian ancestors Moreover, it is clear that -within the 
speaes Horn sapiens there have been -widespread regional 
differentiation and local evolution comparable witfi but 
not so profound as those seen m the monkeys The 
broad distinction between the four mam kmds of men — 
australoids, negroids, mongoloids, and “ whites ” — ^is m 
a generalized way an instance of mapient geographical 
speciatioa, partly in the form of graded chnes, as 
between Europeans, Iranians, and Indians, partly by 
disjunction, as between “ white ” North Africans and 
negroid tropical Africans separated by the Sahara desert 
barrier 

It -wiU probably remam impossible to disentangle m 
detail all the threads of man’s ancestry, smee superposed 
on the regional subspeaation (a product of relatively 
static settlement) there has been widespread migration 
tendmg to smooth out the subspecific contrasts AH 
men are thus hybrid m more or less degree, and -with 
the relative mtensification of migrant ctoss-breedmg m 
recent centuries (especially m the New World), novel 
gene-combinations are producing new types of men as 
further example of the evolutionary process 

In no smglc respect does the evolution of the primates 
differ m kmd from that of any other group of orgamsms. 
As m those other groups, it is compounded of elements 
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which are come together at random, and its products are 
hkely to suffer the vicissitudes and fate of all orgamc 
groups Monkeys and man happen at the moment to be 
successful, or peAaps m the ascendant, but the lemurs 
are declining, most kmds being restricted m their dis- 
tribution to the island sanctuary of Madagascar, and the 
great apes, formerly relatively abundant, varied, and 
widespread, are now on the way to extmction The rise 
and diversification of the different groups took place by a 
happy but qmte fortmtous assoaation of the nght genes 
and the appropriate environment of selection It is 
quite impossible to “ explain ” pnmate evolution without 
takmg both factors, which are mutually mdependent, 
mto account. 

In saentific aspect the evolutionary process is without 
obvious purpose — though, knowing how it works, 
man may become increasmgly able to make it purposeful 
m his own behalf Nor does it bear the marks of what 
can be called progress By equating progress with size 
or mtelhgence or complexity it is, of course, possible to 
see progress m sundry manifestations of evolution. 
Reptiles may then be regarded as an advance on fishes, 
mammals on reptiles, man on monkeys But such 
partiahty and over-simplification neglect Ae multiphaty 
of elements m the evolutionary process A “ lin e ” of 
evolution is a convement fiction it is, in fact, never a 
hne, but a network hnking a great number of more or 
less related mdividuals which show diversification 
through constant radiating adaptation Some, perhaps 
most, of the adaptations have only a bnef and modest 
day before their lines arc exterminated Some are given 
the opportumty of explonng new environments, and 
flourish m numbers and variant kmds Some display 
close selection and persist as long-hvcd forms m an un- 
spectacular way But none shows continued “ success ” 
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(judged by numbers and kinds) over long intervals of 
geological time. 

There is no steady march of progress. The reptiles 
did not evolve out of the ruhng amphibians, or the 
mammals out of the ruling reptiles, and the pnmates 
had their ongm m a mammahan group completely in- 
significant to the present day. The general picture is not 
one of continued advance (even as measured by arbitrary 
yard-sticks), but of replacement. This is to be expected 
as a reflection of the fact that successful speaalization in 
one environment is disadvantageous m another; and 
only exceptionally is the closely specialized form able to 
retrace its steps or diverge along a novel path at a speed 
sufficient to prevent extinction m the struggle for sur- 
vival. In a sense, the more successful a group happens 
to be, the mote “ progress ” it appears to have made, 
the more ominous is the prospect for future evolution. 
Sooner or later it can expect to be replaced by another 
group adaptively more responsive, which m due course 
will undergo similar rise and decline. 

Moreover, there is no smgle dominant reignmg group 
of orgamsras at any one time references to the “ Age of 
Tnlobitcs,” the “Age of Gomatites,” the “Age of 
Reptiles,” though proper comments on aspects of the 
fossil record, are partial and biased m broad view. There 
was no pcnod m geological history which was domin- 
oed exclusively by tnlobites or gomatites or reptdes. 
Different classes of organisms ha-ve tended to select 
different kinds of environments for colonization and 
consequent sunnval, and if the environments are very 
different the classes may never meet Thus competiuon 
bc^cen mammals and deep-sea fishes, or between birds 
and corals, is excecdmgly mdurect , and m their respective 
realms successful and abundant forms persist without 
coming into disastrous conflict. Thus the Age of 
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Ttilobites was also the Age of Graptoktes, and the Age 
of Reptiles was also the Age of Animomtes 

Even within the one group of the teptiles it is only 
partly true to say that they gradually dechned and nearly 
died out with the nse of the mammals (the replacement 
bemg regarded as an aspcgt of “ progress ”) The 
statement apphes only to terrestrial and aquatic reptiles 
It does not apply at all to that speaakzed reptilian off- 
shoot, the birds, which throughout their history have 
been virtually untouched by mammakan competition 
(the bats being poor nvals, acknowlcdgmg as much m 
Aeir nocturnal habits) they contmue to thrive m the 
greatest variety and abundance at the present day, and 
the Tertiary era has been the Age of Birds no less than 
the Age of Mammals mdeed, on any material measure 
of success the birds are at least as successful as the 
mammals, in most groups of which there are clear signs 
of decline 

In the same way, mvertebrates are, no doubt, m 
structural and functional complexity ” infenor ” to the 
vertebrates, but there manifestly has been no pro^essive 
evolutionary nse from one group to another Molluscs 
and crustaceans, corals and sea-urchins, are as abundant 
as ever they were, and withm their groups they display 
the same sort of evolutionary expansion as the fishes or 
the reptiles or the mammals, and the msccts have 
reached a peak of diversity and abundance scarcely 
approached by the vertebrates The smgle-celled animals 
and plants, structurally the most " pnnutive'” of cellulat 
orgamsms, may well be at their acme of development at 
the present day 

In such a nch and vaned context of evolutionary lines 
It IS impossible to discern a smgle over-ndtng motif m 
evolution A scientific explanation of the course of 
evolution therefore avoids reference to either purpose or 
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progress m its recognition of the factors of change. So 
fiir as It IS scientific, it falls back on the empirical evidence; 
and to cover the phenomena it elaborates the relations of 
nature and nurture as its theme, which it sets m the scale 
of geological time. 
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Adaptive radiation. The divergence from a primitive 
ancestral stock of Imes of evolution displaying structural 
and functional adjustment to a variety of environments 
Amphibians. A class of vertebrate animals, typified by 
newts and frogs, which lay eggs in water, and breathe by 
means of gills m the tadpole stage and lungs m the adult. 
Angiosperms. Flowering plants. 

Arthropods. A group of invertebrate animals, mcludmg 
wasps, spiders, centipedes, and crabs, which have a seg- 
mented body with a more or less large number of legs, and 
an external skeletal sheath of horny matenal. 
Chromosome. A thread-hke structure in the cell nucleus, 
usually of specific shape and represented m constant number 
in each speaes, which appears during stages of cell division 
and carries a complement of genes 
Cline. A graded ^angc m the structure or appearance or 
behaviour of members of a species or speaes-group which 
has a wide range m time or space, a character-gradient. 
Cycad. A plant of general palm-hke form, but differing from 
(which arc flowermg plants) m havmg 


Drift. The evolution that may take place for a short time 
m populations too small to permit the statistical laws of 
systematic selection to apply, and that may then not be 
strictly adaptive. 

Foetus. The earliest stage in the growth of a mammal, 
when It still hes in the womb. 

Fossil. A relic of former life, most often a skeletal hard 

^ of hereditary control, having a defimte position 

on a particular chromosome, and probably a defimte chemi- 

stimulus of mdividual 

exchange and re-assortment of genes be- 
tween genotypes on cross-breeding ° 


X2r 
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Genetic system The intcgratedassodation of chromosomes 
and genes in a germ-cell forming the mternal environment 
in which the smgle gene operates 
Genotype. The association of hereditary matcnals m the 
germ-cell determining the nature of the individual 
Genus. A classificatory category in which speaes of com- 
mon origin or common basic form are placed 
Habitat The normal environment of an orgamsm hvmg 
under natural conditions. 

Hormone. A secretion usually of the ductless glands which 
has a marked effect m stimulatmg the processes of growth 
Hybrid. The offsprmg of parents which dider genotypically 
from one another 

Invertebrate. Animals, like snails, )elly-fishes, lobsters, 
worms, and sea-urchins, which arc without a bony back- 
bone Aough they may possess other lands of skeletal 
supports 

Larva. A young stage in mdividual development that is 
markedly different in outward form from the adult, as the 
chrysahs of a butterfly or the tadpole of a frog 
Lethi gene A hartnfui gene whose possessor fails to 
survive beyond the early stages of gro't^ 

Lmeage. A succession of forms constituting an evolutionary 
senes, a “ hne ” of evolution 

Mammals. A class of vertebrate animals m which the young 
IS nourished m the womb until a late stage of growth, and 
after birth is suckled,fbr a time by the mother 
Marsupials. A group of prinutive mammals m which the 
young are bom at a stage of extreme immatunty, and for 
a time arc earned by the mother in the marsupial pouch 
Molluscs A large group of invertebrate anmms, most of 
which are partly protected by an external shell, smgle and 
coiled m snads and ammomtes, bivalved m mussels and 
cockles 

Mutant. An individual displaying structural or physiological 
differences from its fellows because of gemc mfferences, a 
gene diffcnng through mutation from eqmvalent genes m 
other individuals or cells 

Mutation A change m the hereditary quahty of the geno- 
type ansmg through an alteration of the chromosome- 
arrangement or of the nature of a gene. 
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Orthogenesis. As descuption, the determinate and undc- 
viating course of evolution apparently displayed by some 
groups of organisms, as theory, the ascription of inherent 
momentum promoting the rectihnear trend of such 
evolution. 

Phylogeny. The path of evolution m a group of animals 
or dants, somcumes ec^mvalcnt to a hneage, but usually 
with a wider connotation to include coSiterals; racial 
histoiy% 

Placentals A group of mammals in which the young are 
born in a relatively advanced stage of growth (the name 
being derived from the placenta, a structure m Ae womb 
allowing rich food-supply for the foetus) 

Plexus. _ ^ic network of lanship between generations when 
evolution is seen as the historical passage from a host of 
mdividual ancestors to a host of mdividual descendants 

Position-effect. The effect on the mode of activity of a 
gene following from the controls exerted on it by neighbour 
genes according to its position on its chromosome. 

Pteridosperms. A eroup^of plants with a general fem-likc 
appearance and foliage, but (unhke true ferns) bearing 
seeds 


Pure line. A succession of generations m which parents 
and offspring are genotypically identical 
Reptiles. A class of vertebrate ammals which, like the 
mammals, breathe by means of lungs throughout life, but, 
like the amphibians, lay eggs and do not suckle their 
young. 


Speciation. The process of differentiation of a parental 
species mto a number of distinct descendant speaes, usuallv 
through gco^phical isolation. 

Species, A dassificatory category subjectively defined in 
various ways, but objectively defined for convemence as 
me group of ail those organisms which (actually or poten- 

Subspeci^. Usually a local subdivision of a speaes charac- 

pecuhanties but not 

Transient. An mdividual member of an evolutionary senes. 
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Variability, The capaaty of an individual or a population 
to express a range of differences in form or behaviour 
accormng to the reaction between genotypic nature and 
possible environments of growth. 

Variant. An mdividual differing phenotypically (for what- 
ever reason) firom its fellows or from the norm of its kmd 
Variation. The type or range of vanabihty of an mdividual 
or a population actually expressed m a given environment 
Vertebrate. An animal possessmg an mtemal backbone 
as essential skeletal support 
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